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We have continued our program of infrared (IR) photometric, imaging, spectroscopic, and 
polarimetric temporal observations of comets to study the properties of comet dust and comet 
nuclei. During the first two years we digitized our ER data base on P/Halley and other recent 
comets to facilitate further analysis and comparison with other data bases, and found compelling 
evidence for the emission of a burst of small grains from P/Halley’s nucleus at perihelion. We 
reported imaging and photometric observations of Comets Austin 1990 V and Swift-Tuttle 1992. 
The Swift-Tuttle 1992t observations included IR photometry, several 7-14 pm long-slit spectra 
of the coma and a time-sequence of more than 15010 pm broadband images of the coma. An 
analysis of near-IR images of the inner coma of P/Halley obtained on three consecutive nights in 
1986 March showed sunward jets. We completed our analysis of IR imaging spectrosco- 
photometric data on comets. We also obtained observations of Comets Hyakutake 1996 B2 and 
Hale/Bopp 1995 01. 

We obtained infrared imaging, photometric, spectroscopic and polarimetric temporal 
observations of bright comets using a network of five telescopes, with emphasis on simultaneous 
observations of comets at many wavelengths with different instruments. Our program offers 
several unique advantages: 1) rapid observational response to new comets with dedicated 
infrared telescopes; 2) observations within a few degrees of the sun when comets are near 
perihelion and 3) access to advanced infrared array imagers and spectrometers. In particular, 
reduction, analysis, publication and archiving of our Jupiter/sl-9 and Comet Hyakutake infrared 
data received special emphasis. 

Instrumentation development included installation of the latest version of the innovative FORTH 
telescope control and a data acquisition system that enables us to control three telescopes 



remotely by telephone from anywhere in the world for comet observations in broad daylight. We 
have acquired more than 3000 256x256 images totaling nearly two gigabytes of data detailing the 
near-IR development of the impact sites of the S-L9 fragments on Jupiter. These data were 
obtained using the University of Rochester Imaging IR Camera at the Cassegrain focus of the 92" 
at WIRO. The WIRO data set covers 8 days and is, to our knowledge, one of the most extensive 
observational records of the S-L/Jupiter encounter obtained by any ground-based telescope. This 
program benefitted from the compilation during these last few months of an upgrade to the data 
acquisition program at WIRO with support of this NASA contract. 
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ABSTRACT 

We present 1.20-18.5 pm infrared (IR) spectrophotometric measurements of comet C/1995 01 (Hale-Bopp) 
during 1997 February 15 and 20 UT. The spectral energy distribution (SED) was dominated by scattering and 
thermal emission from submicron sized dust grains that were unusually small. Hale-Bopp’ s surprising brightness 
may have been largely a result of the properties of its coma grains rather than the size of its nucleus. The thermal 
emission continuum from the grains had a superheat of S — T^ t /T kh « 1.84, the peak of the 10 jum silicate 
emission feature was 1.81 mag above the carbon grain continuum, and the albedo (reflectivity) of the grains was 
»0.4I at a scattering angle of 6 ~ 144°. These are the highest values for these empirical parameters ever observed 
in 20 years of optical/IR measurements of bright comets. The observations indicate that the optically important 
grains dominating the visual scattering and near-IR emission from the coma had an average radius of a < 0.4 
^cm. The strong silicate feature is produced by grains with a similar size range. These dust radii are comparable 
to the radii of the grains that condense in the outflows of some novae (“stardust”) but still about 10 times larger 
than the average radius of the grains that produce the general interstellar extinction. 

Subject headings: comets: individual (Hale-Bopp C/1995 01) — interplanetary medium 


1. INTRODUCTION 

Dust grains may be a vehicle for the transportation of sig- 
nificant quantities of condensable elements from the circum- 
stellar winds of evolved stars, novae, and supernovae into the 
parent clouds of young stellar and planetary systems. Whether 
grains that condense in stellar outflows (“stardust”) survive 
supernova shocks in the ISM (Seab 1987) and high-temperature 
processing in the solar nebula (Boss 1 988) to become the “seed” 
constituents of planetesimals remains uncertain. If some frac- 
tion of these grains survive intact, then analyses of the ele- 
mental abundances, mineralogy, and physical characteristics of 
early solar system grains may be expected to provide direct 
insight into stellar nucleosynthesis and evolution. Comets, such 
as Hale-Bopp C/1995 01, are particularly important to such 
studies because they are believed to be frozen reservoirs of the 
most primitive presolar dust grains and ices. Hanner (1983) 
and Hanner et al. (1985) successfully modeled the infrared (IR) 
spectral energy distributions (SEDs) of several comets with a 
size distribution of grains with radii in the range 0.3-0. 5 pm. 
Gehrz & Ney (1992), in an analysis of IR photometric meas- 
urements of nine recent bright comets, showed that the SED 
of the coma can be used to deduce the mineral composition 
and size distribution of the grains that dominate the coma emis- 
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sion. They found that the radii of the grains in their sample of 
comets ranged from 0.5 to 10 pm. Woodward et al. (1996), 
Gehrz et al. (1995), Hanner et al. (1987), and Tokunaga et al. 
(1986) found evidence that strong jet activity in comet IP/ 
Halley 1986 III was correlated with IR emission from grains 
with radii as small as 0.5 pm, and that the grains were larger 
when the nucleus was quiescent. 

Here we report IR spectrophotometric observations of comet 
C/1995 Ol (Hale-Bopp) obtained in 1997 February, ^40 days 
prior to its perihelion passage, showing that the IR emission 
from its coma was at that time dominated by a population of 
submicron sized grains. We argue below that these grains were 
significantly smaller in radius than those observed in any other 
comet to date. 

2. OBSERVATIONS 

Five IR photometric measurements of the 1 .2-18.5 SED 
of comet Hale-Bopp were obtained on 1997 February 20 UT 
using a multifilter bolometer (Hanner et al. 1990) mounted at 
the Cassegrain focus of the University of Minnesota/University 
of California at San Diego Mount Lemmon Observing Facility 
(MLOF) 1 .52 m telescope. Our filter set included the six IRTF 
narrowband 7-13 pm “silicate'” filters (Tokunaga et al. 1986). 
The beam was 973 in diameter, and the throw between the 
source and reference beams was ~ 1 50". The photometric sys- 
tems, magnitude scales, and absolute flux calibrations for the 
MLOF bolometer are given by Gehrz & Ney ( 1 992) and Gehrz 
(1997a, 1 997b). Statistical errors were generally much less than 
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TABLE I 

Infrared Magnitudes of Comet 
H ,\ le-Bopp C/1995 OI ON 1997 
February 20 UT 


Filler Average Magnitude 


1.2 jim +4.19 ± 0.07 

1 .6 |im +3.87 ± 0,08 

2.2 jim +3.71 ±0,10 

3.60 jim + 1 .47 ± 0.09 

4.90 /im -0.28 ± 0.10 

7.8 jim -2.74 ± 0.13 

8.7 jim -3.87 ± 0.05 

9.8 /im —4.80 ± 0.06 

10.3 jtm -4.86 ± 0.06 

1 1 .6 jim —4.9 1 ± 0.07 

12.5 jim — 4.50 ± 0.08 

18.5 jim —5.67 ± 0.06 


5 c /c (log. The comet was variable by a factor of » 1.5-2 during 
our observations, but the IR colors remained approximately 
constant. Average magnitudes, orbital parameters, and physical 
characteristics of the SED are summarized in Tables 1 and 2 
and plotted in Figure 1 . The data have not been corrected for 
coma emission into the reference beam since the effect is only 
about 1 ,69r (see Gehrz Sc Ney 1992). 

Confirmation of the presence of a strong 10 /xm silicate 
emission feature in Hale-Bopp during mid-February of 1997 
is provided by a preliminary analysis of spectrophotometric 
measurements of comet Hale-Bopp that we obtained on 1997 
February 15.5 UT with the NASA Ames Research Center High- 
efficiency Faint Object Grating Spectrometer (HIFOGS; Wit- 
teborn et al. 1991) at the Cassegrain focus of the 3 m NASA 
Infrared Telescope Facility (TRTF). The spectrometer entrance 
aperture was 3" in diameter. The calibrator was a Lyr, tor which 
we have adopted fluxes based on the Kurucz stellar atmosphere 
modei (Walker & Cohen 1992). The HIFOGS data for 1997 
February 15.5 UT presented in Figure 1 have been degraded 
by binning to a resolution of X/AX w 75 and scaled for heli- 
ocentric distance (r =1.21 AU), geocentric distance (A =1 ,73 
AU), and beam diameter using the standard model (Gehrz & 
Ney 1992) to compare the spectrum with the 1997 February 
20 UT photometry. The final analysis of the HIFOGS data will 
be presented by Wooden et al. (1997). 

3. DISCUSSION 

The SED derived from our spectrophotometry is presented 
in Figure 1. Optically thin silicate emission features at 10 and 
20 /xm are superposed upon a thermal continuum determined 
by a fitting a blackbody distribution through the 3. 6-7. 8 pun 
photometry. Since low-resolution circular- variable filter (CVF) 
3-5 /xm spectra obtained on 1997 February 21 UT by Mason 
et al. (1997) show no strong emission features that might be 
attributed to hydrocarbon or molecular emission, we conclude 

that it is justifiable to assume that the near-lR continuum (from 

3. 6-7. 8 /xm) originates entirely from thermal emission from 
carbon grains at this epoch (see Gehrz & Ney 1992). 

Gehrz Sc Ney (1992) described three empirical physical par- 

ameters derivable from the SED of the coma that are related 

to the size distribution of comet grains. These are the superheat 

(5), the strength of the silicate emission feature (A ro 10 ) relative 

to the extrapolated near-IR blackbody continuum, and the scat- 

tering angle dependent albedo [A(0)]. Gehrz et al. (1995) and 

Gehrz & Ney (1992) argued that all of these parameters tend 

to increase with decreasing grain radius, a. Below, we show 


TABLE 2 

Derived Physical Parameters lor Comet 
Hall-Boll C/1995 01 


— — 7- — i ; . .. 

Parameters Derived Value 


r (AU) M5 

A (AU) 1.64 

d (deg) 1.44 

T,„. (K) =475 

T m (K) 260 

5 * 1.84 

Af»,„ (mug) «I.8I 

(W cm- 2 ) «1.5 X 10 3 * * * * * * * * * * 14 

IXF,<0>U.,k <W cm 9 »2.2 x 10 14 

/U0) ~0.41 


that the values of these parameters observed for Hale-Bopp on 
1997 February 20 UT (Table 2) suggest that its coma was 
dominated by unusually small grains. 


3.1. Superheat as a Grain Size Indicator 

The superheat, S , is defined as the ratio of the color tem- 
perature of the near-IR carbon grain continuum (T C()lul ) to the 
temperature (T HB ) that black conducting spheres would have at 
the same heliocentric distance r(AU) 



T m L.rv'r 

27SK ' 


(I) 


We emphasize that S is an empirically determined, model-in- 
dependent quantity that can be used to compare the near-IR 
SEDs of comets and to track their temporal development as a 
function of heliocentric distance. S increases with decreasing 
grain radius for grain temperatures typical of thermal emission 
from comets because the emissivily of small grains is a strongly 
decreasing function of increasing wavelength in the thermal 
IR. For grains with radii ~0.5 /xm Gehrz Sc Ney (1992) showed 
that < T mkw and therefore that S = (Q 0 IQ,,) U4 , where Q u and 
Q r {T ) are the grain Planck-mean absorption and emission 



Fig. I — SED for comci Hale-Bopp C/1995 01. The live photometric ob- 
servations taken on 1997 February 20 UT are indicated in the legend and the 
statistical averages are presented in Table 1. The continuum lit is the sum of 
a 58(X) K blackbody component due to scattered solar radiation and a 475 K 
blackbody due to thermal emission from small carbon grains. The 7-13 jim 
HIFOGS spectrum {heavy solid fine) taken on 1997 February 15.5 UT is shown 
scaled as discussed in the text. The photometric uncertainties in individual 
measurements and in the HIFOGS spectrum are smaller than the plotted 
symbols. 
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in cornels can, in principle, provide an estimate of the average 
silicate grain radius. 

We find a value of Am l0 « 1.81 mag for Hale-Bopp (see 
Figs. 1 and 3), the largest value ever observed for a cornet. In 
the case of Hale-Bopp, the extrapolated 3-5 pm continuum 
falls below the continuum at 7.9 and 12.5 pm so that A m w as 
defined above overestimates the actual strength of the silicate 
feature. 


3.3. Albedo as a Grain Size Indicator 

A third grain size indicator is the scattering angle (0) de- 
pendent albedo, A(0). A(6) can be defined as 


MO) = 


m 

1 +/( 0 )’ 


(3) 


where 


Fig. 2. — Albedo A{8) as a function of scattering angle 6 for comets pre- 
viously observed {open circles) by Gehrz & Ney (1992) compared to comet 
Hale-Bopp C/1995 01 at u scattering angle of 6 = 144° {black box). The coma 
grains of Hale-Bopp are substantially brighter than those of the typical comet 
at this scattering angle. 


coefficients respectively of the optically important grains (Gil- 
man 1974) and T is the physical grain temperature. 

The 3. 6-4.9 pn\ continuum of Hale-Bopp SED (Fig. 1) has 
a T co ,„| . ~ 475 K, and therefore a superheat S « 1.84. Our 1997 
February 21 UT 3-5 pm CVF spectra give the same color 
temperature (Mason et al. 1997). This is the largest value of 
S yet observed for a comet. If we were to assume that the grain 
emissivity is not wavelength dependent, then using S = 
[Q ( JQ i l l/4 we would derive a grain radius for the optically 
important grains of ~0.3 pm. If we take into account the wave- 
length dependent emissivity using Mie theory and the optical 
constants for glassy carbon, we would derive a radius for the 
optically important grains of a « 0.4 /xm, although we have not 
explicitly integrated over a grain size radius distribution func- 
tion. Employing a broad size distribution of the form used by 
Hanner et al. (1985), one finds a peak radius of a « 0.15 
significantly smaller than the 0. 3-0.5 pm peak radius deter- 
mined for other comets. 


3.2. The Strength of the Silicate Emission Feature as a 
Grain Size Indicator 

Many comets show a 10 pm emission feature attributed to 
radiation from Si-0 bond stretching vibrations in a silicate grain 
component (Gehrz & Ney 1992; Hanner, Lynch, & Russell 
1994, Hanner et al. 1987, 1985). Hale-Bopp exhibited an ex- 
ceptionally strong 10 ^m emission feature (Fig. 1). 

Gehrz & Ney (1992) have described how the strength of the 
silicate feature in magnitudes, A m, ( „ from filter photometry can 
be measured with respect to the extrapolated near-IR blackbody 
carbon continuum using the relationship 


Am l0 


2.5 log m 


ML' 

(^KonJ ’ 


( 2 ) 


where (XFj sil and (X F x ) OMll are the intensities of the emission 
feature and the extrapolated carbon continuum respectively de- 
termined at %I0 ^m. Laboratory measurement of powdered 
silicates (Rose 1979) show that the silicate excess, Aw MI , in- 
creases with decreasing grain size. Thus, measurement of Am,,, 


= [XF x (tf)] mtlXt<Ci m 

[X/\(0)] maxlR 


(4) 


and the quantities fXF x (0)l raas<scull and f XF x (0)] msislR are the ap- 
parent intensities measured at the Planck ian maxima of the 
scattered and thermal SEDs respectively as shown in Figure 1. 
Figure 2 shows the albedo measurements for a collection of 
previously observed comets, and it is apparent that the albedo 
of the grains in the coma of comet Hale-Bopp for 8 = 144°, 
A(6) « 0.41, is exceptionally large compared to that of other 
comets observed at the same scattering angle see Hanner et al. 
1985; Tokunaga et al. 1986). One interpretation is that high 
reflectivity of Hale-Bopp’s grains is due to their small size, 
since small grains scatter sunlight much more efficiently than 
large grains (see Gehrz & Ney 1992). It is possible that at least 
part of the effect is due to the mineral composition of the grains 
as shown by Hanner et al. (1985). 


3.4. Comparison to Other Comets 

The two most sensitive measured parameters of grain size 
are S and Am m . Both indicators increase as grain size decreases. 
Gehrz & Ney (1992) have found a strong correlation between 
Am 10 and 5 in a sample of nine comets (see Fig. 3). The cor- 
relation suggests that changes in the size distributions of the 
carbon and silicate components are related, but it does not 
necessarily imply that superheat and silicate emission originate 
from the same grain structures. Figure 3 reproduces the data 
from Gehrz & Ney (1992) along with the 1997 February 20 
UT values of S « ] .84 and Ani w « 1.81 mag derived for Hale- 
Bopp. It is evident that Hale-Bopp lies well beyond the en- 
velope defined by previously measured comets. The large al- 
bedo at 6 = 144°, A(8) » 0.41, is also significantly larger than 
has been observed at this scattering angle for other comets and 
is consistent with the interpretation that the grains are smaller 
than usual. It is a matter of record that Hale-Bopp is an unu- 
sually bright comet, and there has been much speculation that 
this results from the high mass-loss rate that would be expected 
from a large nucleus. Our data suggest that the exceptional 
brightness may be due to the unusual properties of Hale-Bopp’s 
grains. 

There are several possible explanations for the differences 
between Hale-Bopp and previous comets. For example, Hale- 
Bopp could be an unusually pristine Oort Cloud comet. Al- 
ternatively, the submicron grain population could be associated 
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Fig. 3. — Silicate feature excess Am |u as a function of superheat S for comet 
Hale-Bopp C/1995 01 and nine comparison comets from Gehrz & Ney (1992). 
The vertical and horizontal bars represent the standard deviation of the sample 
(cr, — of these parameters for multiple observations of a given cornet. 

Coma emission from comets near the origin is dominated by relatively large 
grains with radii a > I /*m. Coma emission from comets with large values of 
Aw m and S is dominated by small grains with a <0.5 fi m. It is evident that 
Hale-Bopp lies at a new extreme in this diagram relative to previously observed 
cornets, suggesting that its coma grains are significantly smaller. 

with Hale-Bopp’s exceptionally active jets. Gehrz et al. (1995) 
found that jet activity in comet P/Halley was correlated with 
the release of small grains. 
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4. CONCLUSIONS 

Our observations clearly show that comet Hale-Bopp C/ i 995 
Ol contains a population of hot submicron absorbing grains 
that are unusually small. This submicron grain component is 
the smallest yet observed for any comet. This grain population 
produces the large superheat of S ~ 1.84. The 10 /xm silicate 
emission feature is the strongest yet observed in a comet and 
indicates an unusually large population of submicron sized 
grains. The large value of A(9) ~ 0.41 at 6 = 144° is also 
consistent with the interpretation that the grains are small. We 
present arguments showing that the grains have radii a < 0.4 
^m. These dust radii are comparable to the radii of the stardust 
that condenses in the outflows of some novae (Gehrz 1995) 
but still about 10 times larger than the average radius of the 
grains that produce the general interstellar extinction. 

Our paper emphasizes the value of having the entire 1-20 
/xm spectral energy distribution measured simultaneously. We 
are analyzing similar data sets obtained during 1997 
March-June that will allow us to follow the grain properties 
during Hale-Bopp’s perihelion passage. 
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Sgs%5S£^ 

ill! 

ar“ abOU ‘ *»*■ ° f —■ «- - addressed b y curreu, infixed etudie, of 

*->* be need to reeone.rue, info™, 
activity of some comets, and in the distribution of material SiS " nuclear rotation play in variations of the 
“ d ~ d ° 

IRAS’Xw 4 ? 18 - riff* 1 *' 1 S***®"^' Whaul the^i^rf c^the \argT I ^ dne . ra |^ om P os ^tions distributed in 
IRAS. How do jets affect the coma surface brightness distribution? 1 ? m thc comet trails detected by 

many cLI^howllw Sract^in S l^^flSSfcataS d^T^TT fea . tu . res - while others d « not? How 
is the meaning of the time-variable structure and strength of em* 4 -° Cr r Sta me olivine and enstatite grains? What 

outline how the pho.oiic STh SStedS^S^T - ™* “ ““ <* * “met sSnYll 

eiis °«* 

commended to these sources for more detailed discussions of selected topS d GehM &nd Ney f1 " 2 ^ The f ead«fr 


This article was written for the ICQ Guide to Oi.er«»<, r * 

. an appears in the first edition of that publication, pp. 117 - 132 . 
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Thble 1: Photometric properties and Physical Parameters of Comets from 
Infrared Measurements Assuming the Standard Model 


PARAMETERS (units) 

DEFINITION 

RELATIONSHIPS (units of variables as specified in column 
one 1 ) 

r(cm) 

heliocentric distance 

From ephemerides 

A (cm) 

geocentric distance 

FYom ephemerides 

B (deg) 

Scattering (Sun-comet-Earth) angle 

From ephemerides 

X(jan) 

wavelength 

Selected by observer 

<j> (arcseconds) 

Photometer diaphragm diameter 

Selected by observer 

rp (arcseconds) 

Angular distance between source 
and reference beams 

Selected by observer 

MMKW cm-*pn-') 

Apparent flux in ^ for a throw ip 

Measured quantity 

AW) 

Apparent flux in ^ corrected for emission 
in the reference beam 

/a(*) = 4*(4 *-*)/A(tf t tf) 

fx (r'.A'.tfO 

Predicted apparent flux for the comet at 
r' and A' in a diaphragm 

/A(r' ( A',dO = (M)(r/r')<(A/A') !x{r, A, <t>) 
(see Gehrz and Ney 1992) 

WjU (W cm- 2 ) 

(A fx) in 4 at Planckian maximum 

Inspection of VfJR spectral energy distribution (SED) 

/ (W cm"*) 

Tbtal apparent flux in <fi 

/ = C A(*)dX = 1-3586 (Xfx) w 

Q a .Qc 

Planck mean absorption, 
emission coefficient 

See Gilman (1974) 

Tbb (K) 

Temperature of a black sphere at r 

Tbb = 278 r" 1 /*; r in AU 

T r (K) 

Observed Grain Temperature 

Tgr = (LqQ b /1x<7t*Q € ) ,/4 = 278 ^{QJQ^ 

S 

Superheat (Temperature excess) 

S = Tgr/TsB = 

m 

Ratio of the scattered 
to the thermal radiation 

HO) = f^WinW = 

A(6) 

Bolometric Albedo at 9 

AW=/W/(l+/(0)) 

A 

Mean Bolometric Albedo 

A = v~ l / A{6)dB 

A m, t (mags) 

9.7pm silicate emission feature excess 

Measured off IR SED at X = 9.7 fim 

dMo/dt (g s~ l ) 

Dust mass loss rate 

dMo/dt = 7 x r and A in AU 

grain, gas composition 

See Table la * 

IR emission features and spectral lines 


1 Unless otherwise noted in column three 


O 0 O 


1.1.1. Photometric quantities derivable from the infrared spectra of comets 

Figure 1 shows the 0.5- to 18 -jot spectra of the coma, tail, and anti-tail of comet C/1973 El (Kohoutek) [Ney 1974]. 
Because a spectrum is also a plot of the amount of energy emitted at each wavelength, we often use the term “energy 
distribution” in the discussion that follows when the spectrum is being used primarily to determine quantities related to 
energy balance. An important characteristic of the scattered and thermal energy distributions of comets is that they follow 
the spectral shape of a blackbody (a body that is a perfect absorber and emitter). The blackbody energy distribution f\ 
= 2xhc 2 A“ 5 [exp(hc/AJfet) - 1]" 1 is called the Planck function after Max Planck, who showed that its characteristic shape 
can be theoretically predicted from the laws of quantum mechanics. The position in wavelength of the peak of the curve, 
the Planckian maximu m, was shown by Wien to be related to the temperature of the blackbody. Wien’s law is 
AmaxT = 2898 /xm K for the fx function, and A m X T = 3670 /xm K for the A/a function. Evaluation of the energetics 
of comet emission is especially straightforward when the quantity A/a is plotted as a function of the wavelength, A, as 
shown in section 1.1.2. It should be noted that plots of A/a versus A and plots of A f v versus frequency v = c/A are 
equivalent. As discussed in section 1.1.3, the flux fx is a quantity that can be directly derived from measurements of 
comets and standard stars, and it is multiplied by A to produce the quantity A/a plotted in Figure 1. 

The scattered solar component of the spectrum is caused by sunlight reflected by dust grains in the coma and tails. 
This component be examined by combining observations from the visual and near-infrared regions. The total power 
(W/cm 2 ) in the scattered radiation delivered to an observer viewing the comet at a scattering angle 9 (the sun-comet- 
earth angle) 2 is measured by the quantity [A/A(0)]max,K»t> defined by the Planckian maximum of the scattered radiation 
component (see Table 1). Usually, VRIJHK photometry or spectrophotometry will suffice to specify this quantity. This 
scattered component essentially measures the 9 dependence of the albedo, «A(0), of the comet grains — a measure of 
their physical size and structure. 

Thermal emission from the coma, tail, and anti-tail — produced by the re-radiation of the sunlight absorbed by 
dust grains — is evaluated by measurements from 3 to 30 /xm and beyond. It is evident from Figure 1 that the 
energy distributions of these structures cati contain both a blackbody-continuum-radiation component and broad emission 
features. The continuum is believed to be caused by an amorphous-carbon-dust component. The total power emitted 
by the carbon-dust-component of the coma at scattering angle 9 is measured by the quantity [A/A(0)]m«,nt, the peak 
of the Planckian maximum of the continuum-radiation component (see Table 1). Additional power contributed by other 


2 equivalent to the phase angle, usually represented in the ICQ and I A U Circulars by 0. 
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a measure of the durt mL^f negligibIe - The totaI thermal-infrared power is essenfall 
is measured by the wavelength A V"e*/ d< i r t J le nucl ? U9 > and can be highly variable r ra £ * “ ? t ^L ly 

inferred from measurements of thiT^quantity P m we shtrf 1 ””? component, using Wien’s law. Grainafo c2j b^ 

temn" t ? mperature th *n the temperature T'b b expected fmThl f Sh ° WS that the coma and tail have a much 

istermed “superheat”, is^n indicatio^thS $?”* * Same helioce ^ric distance. Thk 
The temperature of the anti-tail is roughly T BB showing K t “ that , thl s ? e components are made of very small grain? 


O O O 



= 1973 f), showing the varied d,aracterfsS tf cornet^ •““** El ( Koho ^ O.S. 1973 XII 

ohserwng techniques. Data are from Ney [1974]. ThT^<^^ B *}** “* investi ** tcd ^ing inirared 
the thermal emission to give the albedo. Be superheat ““ be ““Pared with 

black-sphere temperature (T BB ) are an indication ofthe nresenc* f ““ssj of the coma and tail over the 
low temperature of the anti-tail shows that it is nidi JhZ£' “ tW com P°°*»*- The 
coma at 10 and 20 pm is caused by emission from small silicate grains! ^ “““ eauAm “ tie ‘ail and 


fS • -a. „ evident in 

ifrared spectral emission features observed fromg«7«Tw- ,n^ aadola f 1984 and Allamandola et al ri9871 tK 
^The strength and shape of these &£. <£’ VSrit de5u« 11^ ?* 0/1986 P1 (WU*>n) are isted Kfc 
ructure m the 10-pm silicate-emission feature hL bSL iSSS * ompositi <m of comet grains. ForeWnle 
“ A^v i V m n noT d t enB K tatit - e “ the of some comets [sre H^n“ $8*23 Sf* presence , of tbe crystalline siliite 

wer^tions. Analysis J the£ SSSES^SJSS? f™* P^ems through lo^lem^oral 

( d the rotation rate of the nucleus. Gehre andNeWl992^dr^f about both the physical structie 

/HaUey’s coma varied by factors of almost 10 comKI?^ ?*} V* [1995] found ‘hat the thermal ESS 
several hours and as long as several da^ The ^tS bebavior on timers “short 

un temperature and albedo, as well as in the s W f “? luded “^cant changeTifthe 

* ch an g« were consistent with the hypothesis that iets of small tbe s^oate-emisaion feature Manv of 

Sra^rf ly F °r nk °r ei * * h “ 0lation “ thenSt? 

tion rate of a comet nucleus through measurements of the positions of pSJS’jSf" *“ b * ^ t0 deduce the 
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Table A. Infrared Spectral Features and Emission Lines 
Observed in Comets lP/Halley and C/1980 PI (Wilson) 3 


A in pm 

PROBABLE SOURCE 

1-2.5 

CN, HjO 

2.63 

HaOgas? 

2.7 

H^O gas, other unknown molecules 

2.8 

OH 

3.0 

NHj, HCN, HjO ice 

3.15 

unidentified 

339 

hydrocarbon grain constituent (PAH?) 

336 

CH stretch in grains 

332 

CH stretch in grains 

3.6 

h 2 co 

4.3 

COj 

4.44 

CN 

4.6 

CO 

434 

ocs 

5 3 

unidentified 

63 

carbonates 

9.7 

amorphous silicate dust grains 

9.8, 10.5, 11.3 

crystallyne silicate (Olivine and Pyr eocene?) 

12.2 

unidentified 

20 

amorphous silicate dust grains 

23.8 

Olinene? 

26.7 

unidentified 

28.4 

Olivine? 

34.5 

Olivine? 

40 

Olivine? 


3 After presented in Campins and Tbkunaga 1988 


o o o 



Figure 2. The observed come continuum temperature, T„, plotted as a function of heliocentric dis- 
tance for a sample of recent bright comets. Comet iP/Ealley's grains were superheated. It is also evident 
that T bb defines the lower limit to the temperature of comet grains. “KBM* indicates comet C/197S Kj 
(Ko bayashi-Berger-MHon), “Austin 1984 - indicates comet C/1984 Nl, “Mechholz" indicates comet C/1985 
Kl, “CrommeUn" indicates comet 27P, and the dust trails refer to those found by IRAS. Figure from Gehrs 
and Ney [1992], reproduced by permission of Icarus. 




>ril 1997 


59 


INTERNATIONAL COMET QUARTERLY 


L.2. Derivation of physical properties of comet comae and nuclei from photometric quantities 
A straightforward way to gain an elementary understanding of the relationships between measurable infrared photo- 

w nd t i h nooi hy ^ Ca .?^ ramete l S °f c ° mets is to consider the steady-state model of nuclear activity [Jewitt 
91, Gehrz and Ney 1992]. For this case, both the scattered and thermal emission from the coma is caused by dust 
irns abJated from the nuc eus at a constant rate dN /dt grains/sec that flow away from the nucleus at constant velocity 
A .“ hou 8 h molecular emission is observed in the infrared as mentioned above, the total energy in this emission is 
.lgmncant compared to the dust scattering and emission. We ignore molecular emission in the discussion that follows 

m XSJm* w “° de l d T necessarily apply to periods of high, irregular activity, there are many occasions 
len a comet has been in a steady state for a long-enough period of time to be adequately characterized by this model 
s outline below an analysis denying some important physical characteristics of the steady-state model. This analysis’ 

r T" de ‘*f V. G ' b " N ' y 11 ? 9 3' “ 6 “' d '»"» distributions 

f'f‘“ °_ f lh ' opbadly unporUnl fratni. These are defined as the grains that dominate the scattered and emitted 
liation. Based upon easting ground- and space-based measurements of the grain-size distribution in comet comae 

dettmiS 1986 “ d i7?; Bh ° w f d tdat j. he effective grain radius a for the opticaUy-important grains can 
determined by assuming that the differential gram distribution follows a power law of the form n(o)da = Ka~ m da 

ere n(o) is the number density of grains of radius a in number of grains cm" 3 . If, as suggested by easting data, there 

t0 the radm *> th , e ” ean f rai ° radi ^ of the opticaUy-important grains can be !hown to be 
^ j 2 >“ “ d where m hes between 3 and 4.5 [Gehrz and Ney 1992], The parameters derived below are 

mea ana their units are given m Table 1. 



s 


Figure 3. The superheat, S, plotted as a function of grain radius, a, and temperature, T tr , for small 
carbon grains illuminated by the solar radiation held, assuming that the sun has an effective tem perature of 
5800 K. Figure from Gehrz and Ney [1992], reproduced by permission of Icarus. 
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Figure 4. Silicate-emission feature strength (in magnitudes) plotted as a function of percent super- 
heat (fS-ll x 100) for recent bright comets. They are correlated, as would be expected, on theoretical 
Hounds. Note that U KBM” indicates comet C/197S Nl (Kobayashi-Berger-MUon), “Kohoutek” indicates 
comet C/1973 El, “ Bennett * indicates C/1969 Yl, and “West" indicates comet C/1975 Vl. Figure from 
Gehrs and Ney [1992], reproduced by permission of Icarus. 


1 . 1.2 


.1. Superheat and silicate emission features: their relationship to grain size 


dUpClUCOk osmvwwx. - 

Many comets have a coma-grain temperature considerably higher than the bladt-sphere temperature jppropri at e to 
the comet’s heliocentric distance, probably because the coma grains are too small to radiate effectively. A quantitative 
relationship between the grain radius, a, and the grain temperature, T p , results from equating the power absorbed by 
the grain from insolation 4 to the power emitted by .the grain in the infrared: 


Lq 

4rr 2 Ta 2 Q e 


- 4ira 2 Q e oll 


gr* 


( 1 ) 


where r is the heliocentric distance in cm, a is the grain radius in cm, I© = 3.826 x 10 33 erg/s is the solar luminosity, 
cr = 5 6696 x 10“ 5 erg cm -2 deg -4 is the Stefan-Boltzmann constant, and <?«(<*, T) and Q e (a, T) are the Planck mean 
absomtion and emission coefficients. Q a * the absorption efficiency of the gram averaged over the spectrum of the 
illuminating source (the sun), and Q t is the thermal emission efficiency of the gram at T p . Solving equation (1) for the 
grain temperature yields 

L @ Qa 1 ' (2) 


T S r = 


16iror 2 Q e 


which gives the black-sphere temperature, 


m . 278 , „ 

Tbb = ~~F ° e § K, 
v r 


( 3 ) 


in the case when Q a = Q* = 1, where r in equation (3) is the heliocentric distance expressed in AU (1 AU = 1.4960 x 

^'Vwblack-SDhere condition defines the temperature that would be expected for rather large grains that have a very 
i reflectivity and therefore Tbb als° expected to define the lower limit to the temperature of comet grains. For 
low reflectivity, and grain temperature must be higher than the black-sphere temperature when the gram is in 

The gtL temperate™, for a sample of recent bright comet, and comet tail, are .hotel in Figure 


4 absorbed by the grain from sunlight 
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O P/Halley 
• KBM 
□ Bradfield 
■ Austen 1984i 
A Austen 1989c, 
A West 1975h 
T Kohoutek 
v Bradfield 1974b 
O Crommelin 


V * Q ° 


60 90 120 

9 in degrees 


150 180 


mattered to the «*enu«ed by the ratio o/tie 

that the grams are £ufiy aggregates. Note that * j* * Bering peak and shape of the curve show 

C/1974 &*£*“** C °* et ° /1973 El ’ mtieottV/mO Yl «B 

too a Crommelin* indicates comet 27P “Austen 1984i” ' 1^4b* indicates comet 

gT 1 ^^ C ° mCt C/198B X1 C t ° mCi C ' 19 * 4 , N1 (Austin), "Austen 

rz and Ney [1992], reproduced by permit of Icat, 1975 ^ OMBet 0/1975 VL &oZ 
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xa.2.2. Total power to the scattered ^thermal .tr.ightforwatd when 

The determination of the total power f radiated b, a blac b ^ dy ( T ) £ true for all comets, since 

the continuum emission from the dust ^mah* £ s „ tt „ ed OI thermal energy distribute. 

tie "5mim of the X/x function to the total bl skbody emits, on / is given by 


(Xfx)m ax _ 2TT/tC 2 

/ a(X m T ) 4 


e hc/k(X m T) 


- i] " 1.35 


.3586’ 


(5) 


. . . w . \ t — 0 3670 cm dee is Wien’s law for A/a; h — 6.262 x 

where A m is the wavelength of maximum e ™ ss ^ n in /^ m . d \ = l380 6 x 10“ 16 c.g.s. Thus, for example, the 

in' 27 r e s • c = 2.9979 x 10 10 cm/s, a = 5.6696 x lu c.g.s., au 

apparent infrared intensity f IR of the coma is given by 


fjjl zz 1.3586(A/A)max,IR» 

where (X/r )_*» is the observed apparent emission maximum of the thermal-infrared continuum. 


( 6 ) 




/teat 

flR 


(7) 


1 -A' 


where the left-hand side is the ratio of the energy 

f, cat is the observed scattered power (in unite rfWon ) sor b5 radiation. For small grains, /.cat must be derived from 

the observed therm^enussion due to re-radiation of th ^ cQma at scat tering (sun-comet-Earth) angles, 

measurements of the visible/near-infrare energy / Figure 5) This can be accomplished to some extent for 

because the scattering function is strongly aspect changes during the orbit. In 

any given comet by observing it at as many ph g angles, the “typical” comet scattering function shown 

practice, since no single comet “Sly cornels. It can be seen that much more data 

in Figure 5 must be obtained by piecing tog sunlight that is absorbed and re-emitted in the infrared 

» f I" - J— *« “*5fS3£a-5 i , “tml. rf torfheU-tofrared energy di.fribuf.oh of the coma. The 

S'hW asiissi- * * ■*— <7) ' * w ' - 

( 8 ) 


— rS 


where: 


m 


+m } 

/.cott(fl) _ 

fw(G) [^/a (^)]max,IR 


(9) 


to equation (»), /«.» -<• /«(*) - * ““ " " d ^ dU ‘ ril>U ' 

averaged over all scattering ahgta b then give, by 

( 10 ) 


. = If A{9)de. 


u 

Since the Mattered and thermal euer^ dtonbutioM Of jjjj*, ^^(S) aod /„(«) from the directly 

*=t=ar« 

SS£S S Se "e fluffy aggregate. [Gehrt ahd Ney 1»* 
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1 . 1 . 2 . 4 . Dependence of a comet’s apparent infrared luminosity on r, A, and beam size 

apparent infrared mtensi^f^Va^omn ** ^ infl ^ the 


flR = 


Lir _ 47rJyg 2 Q e0 -T^ _ Na 2 Q e crT^ T 


4xA 2 


4xA 2 


A 2 


at) 

Tita a 1 jTET “ “° tl0PiC g '“” fol * •*»»*«« coma within a 


rt 

N = 4x / n(R)R z dR = —t = ~~ 

J dt dt V 0 ' 


( 12 ) 


TnXj de^^riLfen oTS, u r‘ct " l0 ? Jr V “ ^ R “ d »(*) “ «■' r.di.1 

steady-state mode! most be ® “ th " rf0t ' fo "‘ > ’' s th “ «“ '““*1 density distribution for the 


»(R) = 


1_ dN 

4xR 2 V 0 dt 


(13) 


infrared intensity /*/* in the beam of ’ Wlth the help of (H) ~ an apparent 


U,IR = 


a*Q'ff7* N _ o 2 Q e< rI^. 


A 2 


A 2 


■///.<**>*= 


™ 2 Q'<rT±. 


4K 


^djy 

A dt ’ 


(14) 


than the angular diameter oftte” Jma.^c^be ^ fro^^tioV(H^ “ much smaller 

terms specified in Table 1 and discussed in section 1.1.3 J, bebw. H * f * ,IR “ * /A ’ leadlng to the corr «tion 


o o o 



infJrSTJ' , ^ ° ttbe * UdCUS oflP / H * U 'y « * function of heliocentric distance at visible M end 
aad Df (Ir 7 ^ T meUUted by VRtiatJoDS ofth * apparent intensities [A/^V)]^ = (AM ‘ 

Tf l ^ ’ ),m “ = ( /A) "“ I ' /R ’ rCSPeCtivdy Gei « ««* [1992], reproduced b/pl^on 
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figure 7. The infrared activity of the nuclei recent bright comets as a function ofheU ocefl ‘ rl ^‘“ ce> 
as measured by variations in the quantity [\h(IR)U* = Figure from Gehrz and Ney [ 1992], 

reproduced by permission of Icartu. 


1. 1.2.5. Activity m comet nuclei 

The apparent infrared intensity /,,/* of an optically-thin cometary coma in a beam of angular diameter <j> radians 
that is much smaller than the angular extent of the coma is 

. __r=**£U«-r<s^i 4M. as) 


= l*3586(A/ 4 x)m3x,iR — ^ j A dt [ 64V 0 J r 2 A dt 

If the grain production rate as a function of r, dN(r)/dt, is directly proportional to the insolation of the nucleus: 

dN(r) dir(g) [ql 2 (16) 

dt “ dt IrJ ’ 

where , i. the perihelion dietauc, and djf(,)/d» i. the groin Production “ P**”/"* «* >’“ U ‘' Uo ”' ““ 

, ppmn t coma btentit; ia WQ.le] „ J_ ( 17 ) 

f+' IR ~ [ 64 V 0 J r 4 A dt r 4 A‘ 

In cases where the luminosity of the coma is generated by emission from (very small sUicate grm^ , for ^ which Q e oc 
o, tte apparent infrared intensity of the coma is directly proportional to the total mass, M„, of the gr . 

(18) 

Ita. equation (IS), it is appoint that the 

both the scattered end tiremud energy SSSSh. with phase rurgle (see Figure 5). 

intrinsic brightness than is [Xf\] ma x,nat IP/Halley and other recent bright comets. Clearly, the activity 

Figures 6 and 7 summarise the ac outlined above both preceding and following perihe ion 
in most comets * P^^^here in th* review, substantial superimposed variations for some comets due to nuclear 
activity that is most probably associated with nuclear rotation. 
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1.1.2 6 Dust mass-loss sates „f comet nucW 

each b? ° f ' "/* g r ains/sec front . corns, a^, ^ uming ^ 


_ 3 dtf 


where = ivo „3 /, • dt ^ dt ~ 3 p ° ra ^ 

g iTp^a /3 is the mass of a single CT ain ti, j- . Ct 

* ° m the dlscussi °n above, it follows that 

dM D r 


(19) 


where V 0 „ 

and reference u™,, cnro , 
gas will have V 0 given by 


“‘' wvc > iouows tnat 

~ = rfA 

is the grain ejection velocity and (X f > • > - L ®Q* ° <f> ’ (20) 

ence beam throw effects (see Tabk 11 ** obta } ned by correcting the observed intend f , 

iave K given by 1 T&ble 1} ' Grains accelerated to terminal velocity bv ml f f ° r dla P^ a fm-si Z e 

velocity by momentum coupling to the 

^, = 5 x 10 4 fe] 1/2 _ 5x 10 4 

O- T , . [ 278 I ~ ~7ijr- cm A ~ 0.5 km/s, 

. dt 7 * 10 ( A /A)aax,IR^^ g/s OC r“ 2 , 

be considered to be a lower nt,y «“ ™i*»n, the nvmrlos, , a te rivl“ L' 1 ^-^ 

d^- d “ ^ r d — ■ 

astronomy m the early 1960s until well into fK^oon C ^ tliy amateur astronomers Prom ,£ y / om P lcx “ d costly as to be 
by a small handful of professionally * 1 ? to . the 19 8 ° s . most of the existing infrared b™+~ th g oundln S of modern infrared 
ever, nearly all major national and mostT e3cpe ” m ental physicists and astronomical mT 0 S WiTe constructed and used 
of infrared spectrophotometer 7lZr ta ?. pri ’f* e ' observatories now o^S^f? ‘"W **" 1 specialists. ££ 
can gain access to robust and well sunnnrfd'*- 1J ? agl ° g spectrometers. More readilv^han* * r complete complement 
very near-infrared (X < 1 PP ° rt f d mWd instruments. The nrice before > the non-specialist 

to comet observers^tll/iev^a s^ZSw ^ eV “ many that 

types ofinfrared observations, brief com^nts^on^ 8 * 11 ? 10 types infrared °f insttuments^thTt' present b«e, as an aid 

“ d providi ” 8 ^ «—«- h- 

1-1 lele * co,> ' s *° d — — - 

IS the dominant contribution? the bSSSd wavele ° gths Wer than 3 ^m — where th 
been optimized to minimize thermal * ? must be obtained with telwmn j • dermal (heat) emission 

cancellation of background radilT^ erm ssion from the telescope and ontics “ d mstrumentation that have 

previously djgi? ?? 11 " ft °” ?■« W«eop. »d «> Mitet, tb l 

very brief bJ £ end “ «f. [19921 beve 

. In general, SSd^Sd^S±' fc b “■ SSK “1** P ?“"‘ tm 

minimize thermal emission and tb<.« t, C °? C u ba Y e bjgh-reflectivity, low-emissivitv exten f lve discussions. 

A “chopping” secondary mirror is one tW ? hoppm 8” secondary mirrors for canceling thl^ ° D th ® optical surfaces to 
ebepped) by », a { backpotnui. 

to sweep across the sky. A field stmWr w ^ r «ultmg motion causes the footprint b ? OVed 1 bac k and forth 

limiting the divergence angle of the ™ /w stop ) 18 411 aperture that defines the^ forll !^ Cai ? seen by the detector 
thought Of as pre® ntfog^ £ i nst m^nfin tt T S* f CD &om the focal S fo a foWone 5-“ ° ptical systa « by 
«iy of the telescope structure that h« Vev ^ f? Cal plane fro ® swing either blank skvZ?, 17 ypC ° f stop ^ be 
prevent the detectors fromZin/L^j? ^ th ? «*«* of the primary mirror Sld r^ T? d secondar y mirror or 
The stop must be cold so that it do J not S & T the sky “ ound tbe^l^ System8 

m image of the telescope’s primiv i'? thermal radiation onto the detected A W ^ u he elescope wa ^ 8 - 
is equal to that of the image of theory/ ^ “ formed > ^ d it is a 
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, . ,, f .1 infrarpH detectors used in the observations described herein must be 

Cooling is easily provided since all of th t ratures us i ng a dewar (a vacuum-jacketed vessel, much like a 

operated at either liqmd-nitrogen or : 1 liqu 1 * eases') that contains a window to facilitate the transmission of the 

thermos bottle, that is designed hold col q g . illuminated it is usually customary to place the infrared 

light path to the detector. Since a pupil image dSHSe Lwt stop as possible. In cases where this 

filters, which must also be cooled and unifor y i’ -i mav k ave t Q be provided for the filters. Pupil 

is mechanically impossible due to space Imitations, a s “°^ u pUmiagemy h ^ optkal path . A dete ctor 

*■{ lE^irsw^o-S 

SfijSj W SrffifSStaS d«w2,W aV 'w' Hr™ 3) “ d ‘°° w ^ syst ' ms (s " Fip “' 4) “ 

'“the u™l background cancellation technique b to , 

S££’ power. The detector 
called beam A and beam B. Each beam mu J duri a chop cyc ] Ci a nd the time actually required to 

alternately views each beam f “ r the other is negligible compared to the dwell time, t Q . Typical values for /„ are 
move the secondary from onejiwm th ^ as ( ronomica ] poin t source is placed in one of the beams 

5 to 20 cps, and for i„ are therefore 0.025 t _ ” h into that beam is added to the background power 

(now designated the “source" beam), the power eimt^d^ tne source in unaltered. A filtered 

level. The background power in the other beam (now d^ that has a nominal phase 
synchronous » ampler ’ ^ u ^to^fr^u«c^/^U d ^ ^ ^ pending upon whether beam A or beam B is the 

angle of either 0 or 80 . P descr ibed the square-wave chopping process and the expected signal forms m de_ta.il 

source beam. Gehrz ei ,al. \ 1992J have aescnoeo in H Power" (BLIP) conditions, the detector noise is neghgible 

(see their Figure 5). Under Background Lmu (« s w»^ j \ the background power. If the background power 

compared to the noise on the signa due to the f J dete P ctor and amplification systems, 

is negligible, the noise on the signal wdl be due respectively. If the two beams 

These two conditions are termed bac groun -nois » s i;„btlv different aspects, the amount of residual thermal 

view the beam positions^ and a “false" AC source signal will be produced 

wTo?e°ph^e remains constant when the “ tron ®^ f a ^ s ° Ur J e {\ S ^ h s ^ lt ^3 p^^he^ourcets first centered in beam 
Data is typically obtained by taking a number of A-B^-A beam swiUh^ pair^i ^ tekscope is then moved so 

A, so that beam B is the sky-reference beam, an , sk^reference beam and the signal is integrated for the 

that the source is centered in beam B, with beam A e g h reversing the process. It can be shown that 

same time interval. The second half of the A-B, B-A cycle is conaucsM oy ^ ord £ S ignal-to-noise is improved 

the A-B, B-A cycle eliminates the false sign compo Although the most accurate background cancellation can 

b y Ae be ““ u ^ 10 

«»0W, «. b- 4 SX— fot 

includes ’almolt any observations where the £££ ^glow^e-emSn fluctuations is required, 

at shorter wavelengths where cancellation of rapid ^^®SoStS is described in section I.I.3.6. Because the 
Correction of the data for the effects of atmo p cannot be arbitrarily large, due to the mechanical limitations 

ajgjda, di,U»=« - . jSSf a tkat has a large angular «ten t . 

S for coS and w, deiriU kow to eor^t the eouree-be^n te for «.»rce emnano. m 

the reference beam in section 1. 1.3.7, below. 


^ 4^5 at Half n H “i S^Ukat ffSSSft 

interference filters are plfc^d m ^^ C \ de ^^ p d u \ k g \ 0 the Strumental transmission function, #(A); the atmospheric 

“ d “ — *“ *■ ukt ° mto — - 

"*“* . rAt(k)e(k)/adk (23 ) 

The function .(X) include, the W-M- J- 

optical system, and the response curve ° f 1 d „ et ^ Jed-energy dLtributioM, because they have a quantum efficiency 
ground-based photometric measurements of c . , t )aan the BLIP noise for photometric bandpasses. The 

w 1 from V (0.55 p m) to 33 pand bavedetect devices available through Infrared Laboratories, Inc., in 

detectore ^ iD somc photometric systems ’ but these 
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have a long-wavelength cutoff b A ^RNATIONAL COMET QUARTERLY 

the 7 . to 20 -pm region. Hg:cTT d .Ttr.T ”' Sb drt “‘«" van beared from IT t ‘ h ' '“ d °“ ""mbiMtioi, 

e* taS=TS 5 E^rstJgasT^ "”■ “ d As:Si “ e “ rfu] » 

£ £ Z f££ $£ S i” “yer-Xte 

= t othet 0 , 00 , ive Je^tt 


f 1.903 x 10“ 12 1 

f 1 1 

l A® J 
_ 1 . 

[^nsTTriJ 


( 24 ) 


with Pn in uni,. ofWm - !H1/J F - - (333 >< iO’Vfi, 

The magnitude of an unknown sourre m u , -5 fim, having bandwidths of ss 10 

« diiTerence hot™ ,.. store £i 'jfc ?«£»-«. treipg ,h. facl 

Am = —2.5 log f— j, 

y r ^ *- 

==*==* -H » 

nable Filter Wheels (CVFWsl are m,5-u UKLL M Photometric filters , 

rerrmih/J « V *V IHUCil fflrttp conrUi». at i , 


-. err \ riU A -+Dat N, and +2 at O 

or 5 angular diameter centered on the coLa 

x-percent resolution, 2- to 4-um Circular v=rL'G _ n-rf '■''“ upaoiometers cont ain m P Ttrirr VJ \ " ul ‘B Ub in a beam 
wavelengths from 1 to 2.5 /nowhere the h^k ble j 1 ter Wheels (CVFWs) are mud, 5^ Z£ M - P hot °metric filters and 

comparable to that of the unknown !" d 1 n fj? ty 1S8Ues must be addressed hv • ° ystems requires the use of a 

6 ’ ^ ^ ^ ^--^to^ 

I.I.3.3. Infrared spectroscopy 

resolutions of lO^^A/AA *1 higlleT resolutions than photometry a d • 

using cooled circular variable thin filnf^t^ir 80 ^ 4 * 011 s Pectroscopy (A/AA <^ 00 ) f * characterised by spectral 

of angle around the wWl TW “terference filters (CVFs) for whirl !J } f ° r ^ 20 m » often accomplish^ 

m front of the detector to scan the^waveleneth dewar as described above^l^ ^h J ransmitted “ a function 

beyond 20 pm, require the use of dispersivioS? f^ Tval of interest. Still-higher spectral P ho { 0 ™ etry - «d are rotated 
transmitting materials The >,;„u ais P erave optical elements such as reflwtinA 1 _ spectral resolutions, and application 

and heterodyne detection technim, Spect ^ resolutions (A/AA > 10 4 ) reouire^KT 01 prisms constructed of infrared 
■ptettoreopic T? “"“«•& ot NtMW iPtetfc^tS 

™« U»- tit™*, Sot^i.™' 'Y° C T “ d PtaJSSTSLS ?*“ £2, of d ‘» i “ f«r nwt SS 

holometew 1,>w high tere,lutiopT D^ ?jT nbed “ •“««» 1.1.J.2 K? 

J" 41,0 suitable for calibrating epectra' anTT t‘ ?'" p hsckgronnde. The Abr^Uon ST 1 ', al higtl hackgrounda,’ 

In spectrometers that have lafge^oLat^rltl , ack ® rou . nd rem °val techniques ar^ baskStv^ StarS at ? i “ Tables 2-6 
be obtamed on a single frame alrart^t* a ^f y J 8ee action 1.1.3.4, belowl the .n b “ lcaI | y tbe same as for photometry 
eliminate variable background emiSfon' Shf™ 1 in this case, beam switched^B /BA^ b °-^ tkc sourc e and sky can 
water, ozone, and CO absomtion li^ S1 ° D t<desco P e effects. Wavelength calihr«t- pa l rs are ^“aUy required to 

sr-*- “ fd "“ — *iraa? m jafiAsS^? ’= = 

comets that are near or inside r = 1 
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_ _ in Us© for Infrared Observations of Comets 1 

lbbte 2: Infrared Photometric Bandpasses Commonly 


Minnesota /W yenning Systems 


NASA IETF System 3 


Arizona Systems 2 



' Filter bandwidth, are Full Width at Half Maximum (FWHM) 


Ikbla 3: Absolute Flux Denaitiee for 0 Magnitude 1 


niter 


R 

J 

H 

K 

K 

L 

.V 

M 

N 

NT 

N8 

N8 

NO 

N10 

Nil 

Nil 

N12 

N12 

Q 

Q 

Q23 

Q33_ 


Minnesota /Wyoming Systems 2 


Ac 

0 <n i) 


0.9 
13 
L6 
23 
2.3 

3.6 

3.8 

4.9 
10.0 
731 

8.7 
8.81 
93 
1037 
11.4 
11.70 
12.49 
12.6 
18 
193 
23 
S3 


Fx 

( Wan~ 7 tarr l ) 

“ i 3 xIo ri3 

33xur ,s 

l^xUr 1 * 

43xur M 

339xl0" u 

6.43 xlO" 15 

535xi0" 18 

I39xl0" 18 

1.23x10” 18 

3.08X10" 18 

202x10“** 

232xl0" ie 

L33xl0" u 

laixicr 1 * 
735xl0" 17 
6.63x10" 17 
5.13x10" 17 
436xl0" 17 
L21xl0" 17 
834xl0“ w 
438* 10“ 18 
1jQ9x1Q" 18 


p 

fiym-Vfa- 1 ) 

2A0xi0“" 

1.72x10"** 

152x10“** 

6.78x10“** 

558x10“** 

2.78x10“** 

253x10“** 

158x10“** 

4.10x10“** 

6.43x10“** 

555x10“** 

553x10“** 

456x10“** 

351x10“** 

3.19x10“** 

103x10““ 

2.76x10“** 

253x10“** 

151x10“** 

1 . 12 x 10 “** 

858x10“** 

356x10“** 


F* 

J^L 

2405 

1720 

1025 

678 

696 

278 

253 

159 

41.0 
64.3 

53.5 
523 

42.6 

39.1 
31.9 
303 

27.6 
263 

13.1 
113 
838 
336 


Ao 


136 

1*6 

23 

3.54 

330 

43 

10.10 


IKTF/ Arizona Systems 3 


Fx 

(Wcm- a vm~ l ) 

F. 

( tTon ' V 1 ) 

F„ 

(JvY 

353x10“” 

1.60x10“** 

1600 

L25x10" 13 

157x10“** 

1067 

4.11x10“** 

6.64x10“** 

664 

6.83x10“** 

256x10“** 

286 

559x10“** 

255x10“** 

255 

2.19x10“** 

1.68x10-** 

168 

1 . 18 x 10 “** 

4 . 02 x 10 “** 

40.2 


^ 

: {&iS3S2SL. 

1991 
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Tkble4 

^~S U m n-m j£? 


-1.67 

-2.17 

-2.91 

-3.00 

-3.00 

-3.11 

-3.11 

-2.97 

-3.12 

-3.12 

-3.13 

-3.13 

-3.13 

-3.13 

-3.19 

-3.19 

-3X0 

-3.20 

-3.17 

-3.17 

-3.17 

-3.17 


-1.31 

-1X3 

-2.70 

-2.84 

-2X4 

-2X5 

-2X5 

-2.78 

-2X4 

-2X5 

-2X5 

-2.95 

-2.95 

-195 

-3X2 

-3.03 

-3.03 

-3.04 

-3.13 

-3.13 

-3.13 

-3.13 


-0.40 

-L09 

-107 

-124 

-124 

-143 

-143 

-127 

-148 

-143 

-143 

-144 

-147 

-149 

-154 

-155 

-155 

-156 

-177 

-177 

-177 

-177 


-0.19 

-0-81 

-1.75 

-1.90 

-1.90 

-106 

-2.06 

-1X6 

-103 

-101 

- 2.01 

-101 

-102 

-103 

-111 

-2.07 

-107 

-102 

-108 

-108 

-108 

-2.08 


- 0.11 

-0.48 

-1.05 

- 1.12 

- 1.12 

-1.18 

-1.18 

-1.09 

-1.16 

-1.19 

-1.19 

-1.19 

-1.19 

-1.19 

-1.19 

-1.19 

-1.17 

-1.16 

-1.16 

- 1.21 

- 1.21 

- 1.21 


UMa 

Mom 

+0.81 

-0.08 

- 0.68 

- 0.86 

- 0.86 

- 1.00 

- 1.00 

-0.75 

-0.92 

-0X0 

-0.90 

-0X0 

-0.92 

-0X2 

- 1.01 

- 1.01 

- 1.01 

- 1.01 

- 1.01 

-LOi 

-1X1 

-1X1 


^Magnitudes interpolated fr om data given by tvj — ~ L 21 -1X1 w 

> (1M2) ’ ?*.<**« MdfCFo^bSdV 5 "^’ '**"• H ° CkTCU ' «* Jon “ (»»). GehrzT 

of V«ga ( a Lyr) and otbe+vJ^" V* n “ e "jf ode “» les to awuning that the Inftaied colon 

.t an infrared waveiengtha JSL £ defina %ga to be .JSS 
magnitude given for Vega. Magnitude, for Vega at 18-23 um can be made by comparing the 

Hie email beams typically need in greund-biJd^hotometr£^ * wgBgible contribution from the debris disk in 


<i CMa Cru 
A1V M3IH 


Spectrum 


Calibrating Suitable for 

A4(19S0) 4(1950) ~T "*■ 

O u t 


rill 1160 A0 — 

HD 2811 

A3 V 

BS 696 

B2 Iae 

HD 19904 

A4 ni-r 

HD 22886 

A0 

BS 1552 

. B2 III 

HD 38921 

A0 V 

HD 40335 

A0 

BD+0*1694 

K5 

HD 75223 

Al V 

HD 77281 

A2 

HD 84800 

A2 

HD 101452 

A2 

HD 106965 

A2 

HD 129655 

A2 

HD 130163 

A0 V 

HD 136754 

A0 

HD 161743 

B9IV 

HD 161903 

A2 

HD 162208 

A0 

BS 7773 

B9X V 

HD 201941 

A2 

HD 205772 

A5IV-V 

BS 8541 

B9 lab 

BS 8551 

koiimv 


00 28 S3 .0 

02 2143.1 

03 08 49.1 

03 36 18.7 

04 48 32.4 
0S4S41D 

05 55 37.6 

06 52 07.3 
08 45 294 

08 59 05.4 

09 45 35.9 
113745.1 
1215 244 
14 41 114 

14 44 364 

15 19 24.3 
17 45 314 
17 45 434 
17 46 20.7 
2017 534 
21 10 13.6 

21 35 334 

22 22 294 
22 25 19.6 

t et al. 1982; 3) 


+03 58 24 
■0 -43 52 58 

1 +56 23 04 

1 -39 14 24 

7 02 36 07 

4 +0S 31 16 

J -38 14 51 

1 +01 51 09 

1 +00 00 52 

> -39 36 54 

l -01 16 45 

> +43 53 56 

-38 52 09 

1 +01 51 10 

-02 17 38 
-39 43 04 
+24 31 19 
-38 06 11 
-01 47 34 
+39 59 40 
-12 55 04 
+02 26 12 
-U 16 26 
+49 13 21 
+04 26 39 
3) spectral type 


(IX am) 

1 (Ui 

7X60 

7X51 

7.178 

7X93 

5X87 

5.499 

6.727 

6X62 

7.196 

7.190 

4X29 

4X87 

7X72 

7X51 

6X55 

6.473 

5.750 

4X57 

7X29 

7X96 

7.111 

7X52 

7X92 

7X49 

7X18 

6X90 

7X80 

7X37 

6X26 

6.724 


from the Waltber 1996; 


'rnmim 

7.040 

7.067 

5.443 

6.642 

7.185 

4.138 

7.536 

6.452 

4.606 

7X81 

7.031 

7.538 

6X48 

7.316 

6.692 

6.835 

7.135 

7.615 

7.023 

7.112 

4X59 

6.628 

7.657 

4.235 

2.312 

4) spectral type 


I ~ 

(3.5 urn) 
7X5 
7.040 
5X7 
6.62 
7.20 
4.18 
7.53 

6.43 

4.43 
7X60 
7X0 
7.55 
6X1 
7X0 
6.67 
6X1 
7.14 
7.61 
6.99 
7.09 
4.86 
6.60 
7.634 
4X3 
2X5 

from SIM BAD 
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Tciblc 6* of Selected UKTRT Faint 

Infrared Standard Stars for Calibrating 
JHK Photometers and Imagers 


Star 

RA(1950) 
} it ns 

6(1950) 

O tt i 

J 

(1.2 pm) 

H 

(1.6 pm) 

K 

(2.2 pm) 

FS 01 

00 31 22.7 

-12 24 29 

13.429 

13.048 

12.967 

FS 02 

00 52 36.0 

+00 26 58 

10.713 

10.504 

10.466 

FS 03 

01 01 46.6 

+03 57 34 

12.600 

12.725 

12.822 

FS 04 

01 52 03.7 

+00 28 20 

10.556 

10.304 

10.264 

FS 05 

01 52 04.7 

-07 00 47 

12.335 

12.340 

12.342 

FS06 

02 27 39.2 

+05 02 34 

13.239 

13.305 

13.374 

FS 07 

02 54 47.2 

+00 06 39 

11.105 

10.977 

10.940 

FS 08 

02 55 12.9 

+00 04 04 

7.547 

8.184 

8*313 

FS 09 

02 55 38.8 

+00 58 54 

7.382 

8.108 

8.266 

FS 10 

03 46 17.4 

-01 07 38 

14.749 

14.870 

14.919 

FS 11 

04 50 25.4 

-0019 34 

11.354 

11.294 

11.278 

FS 12 

05 49 34.8 

+15 52 37 

13.681 

13.807 

13.898 

FS 13 

5 54 33.8 

+0000 53 

10.517 

10.182 

1U.135 

FS 14 

07 21 41.2 

-00 27 10 

14.108 

14.182 

14.261 

FS 15 

08 48 2.9 

+1155 02 

12.778 

12.420 

12.360 

FS 16 
FS 17 

08 48 31.0 

+12 00 36 

12.971 

12.669 

12.631 

08 48 35.4 

+1203 26 

12.681 

12.343 

12.270 

FS 19 

10 31 14.5 

-1126 08 

13.565 

13.654 

13.796 

FS 20 

11 05 27.6 

-04 53 04 

13.353 

13.404 

13.473 

FS 21 

11 34 27.6 

+30 04 35 

12.948 

13.031 

13.132 

FS 33 

12 54 35.1 

+221808 

14.017 

14.162 

14.240 

FS 23 

13 39 25.7 

+28 44 59 

12.997 

12.446 

12.374 

FS 24 

14 37 33.3 

+00 14 36 

10.904 

10.772 

10.753 

FS 25 

15 35 59.9 

+00 2403 

10.231 

9.826 

9.756 

FS 26 

16 34 26.3 

-00 28 39 

8.830 

8.127 

7.972 

FS 27 

16 38 54.2 

+36 26 56 

13.494 

13.181 

13.123 

FS 35 

18 24 44.5 

+04 0117 

12.231 

11.846 

11.757 

FS 34 

20 39 41.9 

-$) 15 21 

12.819 

12.919 

12.989 

FS 29 

21 49 53.0 

+02 09 16 

13.175 

13.271 

13.346 

FS 30 

22 39 11.3 

+00 56 55 

11.923 

11.979 

12.015 

FS 31 

23 09 50.4 

+10 3046 

13.798 

13.919 

14.039 

FS 32 

23 13 38.2 

-02 06 58 

13.459 

13.576 

13.664 


Magnitudes from Casali and Hawarden 1992 


o o o 


late 1980s, infrared images of extended sources £ S-state technology have fostered the industrial development 
mapping with a single detector. Recen ,j,- ^ photovoltaic detectors suitable for the low-background 

rf SgeTformat infrared detector array. of fitted photometry. Seruntive, high-qudity 

conditiona attending high-resolution mftared iPkIiokw ^ u foVmatt of 16 x 64, 64 x 64, 128 X 
In:Sb, Aa:Si, and Hg:Cd:T« array MMJ «»" »«eip»trf for the ne^-infrared in a few 
126, »d 256 x 256 pixd. - and format,*, 1™ J» 1024 lx device. (COD.), 

years. The stable of available array? Direct ReadOut (DRO) devices produced by the Aerojet Corporation, 

but the best signal-to-noise is obtamed with D Corooration (SBRC). Most of the funding for the development of 
Rockwell International, and Santa b ? t he United States’ Department of Defense, but NASA’s Space 

' 8 “ ^ ^ reCCDt detCCt0r 
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r*™»W ™po«se over StZZ 11 f 2 ' ■»<! 1.13.3 (Sv«) lith S '" :° d >P“‘romS 

' ,CSS,=: ^^ 

aS'th ’ he Imearit y of the response ofthe"! b k sky ° r a u niformly- 
ates the array at several lieht lev.lc P _.-.. ,, the pucels must be determ; — i Z. 


^“"“on ot observations of . y De anected by vignettimr 7 , ^ aveats - * irst, since the 

illuminated portion of the telescooe doi u 7 ^ These «n be obtafned Jther hf ' & ^ g round removal require 6 
TvT^k " l ‘ br * lic, “ lam P thatX P minate t h S ' C °” d ’ **" lin '“ity of the retpoLe'of the'” m f bl “ k ,kr or * unifomdy! 

- data over i. 

1. 1.3.5. Infrared polarimetry 

5 ? ™ 2 rs proper,i " ° f ,h ' — ^ 

, K ( 2 -2-mhi) band, to predominately thL i ^ band to a COI nbination of scatterin j 1 near ‘ infrare ci covers the 
to distinguish the contributions from the 1 t emission in tte & (3.8-pm) band S and mole ^lar- b and emission in 

«id imagers equipped with wire-grid ooLi d dU f L m Various emission features Obse Spe . ctropola rimetry can be used 

polarization component should be sl "' W in the same dimctiop L hfswS “ to Ho 

y ’ and w hose interstellar 

“ tL “°“ f ” — ■*■* mention 

where f x ( 1 00) « the . /a(1-00) = f x [ x ) x i 0 o.4A x (r-i.oo) 

b *' Z MW- *>«« .ha. would ba obzarvad nL b ,a a < 22 ) 

airmass. Provided that obsarvatiom ‘ trou Eh * air masses, a„ d . ^ 5 at the tenith, /, f,l 

determined with eufficient accuracy by “ g ‘“ ibov ' about 10" tb'T"'®""' “ magnitudes per 

at » altitude angle is ^ b”" “"““8 .bat the a.mospb,™ is a pUn e JLkw > 

th , (28 ) 

J / \ _ a - 


rwph.« i "haerved, at ., a, determined by eouatien rt.’l u (») 

ap«t,mn using equation” JJj’XT bf£ L! 05 ? f cm "' P^ipfn’Muric aW^V^^ of the 

of Standard stars. Alternativelv nn h ^ of photometry, « A can be determ, ’n j fpt ! . lines caD be removed from a 


5, 

II 

jiil 

SI 

hi 


tl- 

fhiii 

fe 

ml 

ffi 
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1.1.3. 7. Normalization of photometric quantities for beam-size, throw, and distance 

Comet comae and tails ordinarily have such a large angular extent that it is often mechanically impossible to throw 
the reference beam far enough from the source so that it falls on completely blank sky. Therefore, the standard beam- 
switching technique used for background cancellation also reduces the full signal that one would expect from a compact 
source, centered in the source beam, by the residual amount that an extended source emits into the reference beam. 
The reconstruction of the full source signal requires a detailed understanding of the surface brightness distribution of 
the source. We describe here the correction factors applicable to measurements centered on the coma of a comet that 
obeys the standard model (defined in section 1.1.2, above). The total emission from an optically-thin steady-state coma 
into a beam or pixel with angular diameter (p is proportional to the number of coma grains intercepted by the beam. 
We described this model in section 1.1.2, above, and concluded (see equation 14) that it leads to a <£ +1 dependence of 
the coma brightness upon angular radius, and a A -1 dependence of the coma brightness on geocentric distance. Thus, 
it follows that the true intensity that would be measured in <f> for a throw sufficiently large for the reference beam to 
reach blank sky can be recovered from the apparent intensity, /y, , observed in <f> with a throw of angular distance ip by 


foo 


' Alp 
Aip - <P 



(30) 


The apparent intensities fi and f 2 measured in diaphragms with angular diameters and <p 2 at geocentric distances 
Ai and A 2 are related by 

[ <£2^1 


f2 = 


L^1^2 J 


/l- 


(31) 


Equations (30) and (31) are useful for normalizing measurements made at different times and/or with different detection 
systems, so that brightness variations caused by the intrinsic activity of the comet nucleus can be evaluated. 
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DESIGNATIONS OP RECENT COMETS 

Listed below, for handy reference, are the last 30 comets to have been given designations in the new system. The name 
preceded by a star (*) if the comet was a new discovery (compared to a recovery from predictions of a previously-known 
short-period comet). Also given are such values as the orbital period (in years) for periodic comets, date of perihelion 
T (month/date/year), and the perihelion distance (9, in AU). Four-digit numbers in the last column indicate the IAU 
Circular (4-digit number) containing the discovery/recovery or permanent-number announcement. Not included below 
are nine recently-discovered comets observed only with the ESA/NASA Solar and Heliospheric Observatory (SOHO) 
spacecraft that are presumed to be Kreutz sungrazers that are no longer in existence (L4 {7(7 6653, 6669, 66761: C/1996 
B3, C/1996 Q2, C/1996 Q3, C/1996 S3, C/1996 XI, C/1996 X2, C/1996 Yl, C/1997 B2, and C/1997 Kl. [This list 
updates that in the January 1997 issue, p. 52.1 1 


New-Style Designation 

* C/1995 Yl (Hyakutake) 

* P/1996 Al (Jedicke) 

* C/1996 Bl (Szczepanski) 

* C/1996 B2 (Hyakutake) 

* C/1996 El (NEAT) 

125P/1996 FI (Spacewatch) 

* C/1996 J1 (Evans-Drinkwater) 

* C/1996 N1 (Brewington) 

* P/1996 N2 (Elst-Pizarro) 

126P/1996 PI (IRAS) 

* C/1996 P2 (Russell- Watson) 

* C/1996 Q1 (Tabur) 

* C/1996 R1 (Hergenrother-Spahr) 

* P/1996 R2 (Lagerkvist) 

* C/1996 R3 

127P/1996 SI (Holt-Olmstead) 
128P/1996 S2 (Shoemaker-Holt 1) 
129P/1996 U1 (Shoemaker- Levy 3) 

* C/1997 Al (NEAT) 

* P/1997 B1 (Kobayashi) 

* C/1997 BAe (Spacewatch) 

* P/1997 Cl (Gehrels) 

* C/1997 D1 (Mueller) 

55P/1997 El (Tempel-Tuttle) 

* P/1997 G1 (Montani) 

* C/1997 G2 (Montani) 

130P/1997 HI (McNaught-Hughes) 

* C/1997 J1 (Mueller) 

* C/1997 J2 (Meunier-Dupouy) 

* C/1997 H2 (SOHO) 


p 

T 

4 

IAUC 


2/24/96 

1.05 

6279 

19.3 

8/15/95 

4.1 

6287 


2/6/96 

1.45 

6296 


5/1/96 

0.23 

6299 


7/27/96 

1.36 

6341 

5.6 

7/14/96 

1.54 

6349 


12/30/96 

1.30 

6397 


8/3/96 

0.93 

6428 

5.6 

4/18/96 

2.63 

6456 

13.3 

10/29/96 

1.70 

6446 


3/1/96 

2.01 

6448 


11/3/96 

0.84 

6455 


8/29/96 

1.90 

6470 

7.3 

1/18/97 

2.62 

6473 


5/30/96 

1.8 

6564 

6.3 

2/6/97 

2.15 

6475 

9.5 

11/20/97 

3.05 

6477 

7.2 

3/4/98 

2.82 

6494 

25.2 

6/19/97 

3/2/97 

3.16 

2.05 

6532 

6553 


11/26/99 

3.4 

6561 

17.4 

1/29/96 

3.6 

6549 


10/11/97 

2.25 

6562 

33.2 

2/27/98 

0.98 

6579 

21.8 

4/26/97 

4.2 

6622 


4/15/98 

3.1 

6626 

6.7 

2/23/98 

5/3/97 

2.1 

2.3 

6640 

6642 


3/9/98 

3.0 

6648 


5/2/97 

0.14 

6650 
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Tabulation of Comet Observations 


ERRORS AND PROBLEMS WITH CONTRIBUTED DATA 

When a bright, well-observed comet such as C/1995 01 (Hale-Bop*') comes along, many new observers suddenly 
appear. Some will continue to observe other comets, and others will not be heard from again; a few may even, become 
among the best and most prolific observers of comets. So encouragement and help is often required, and this is one 
purpose of the ICQ. 

But your Editor has been overwhelmed with correspondence in recent months — not only because of the large 
numbers of daily e-mail messages that each contain only 1 or 2 observations from a single observer, but also because 
of the return e-mail necessitated by errors in the sending of data. If one takes a “file" to be all of the data sent, by a 
single contributor (whether an Observation Coordinator or a single observer) for a 3-month ICQ publication period, I 
would guess that around 90 percent of all such “files” contributed by e-mail for the ICQ have problems. These problems 
come in three ways: (a) column-formatting errors (where data are place in the wrong columns); (b) abbreviation/unit 
errors (where the wrong key letters or the wrong units are used); and (c) outright errors in the actual data. I estimate 
that roughly 50-60 percent of all such files actually have column-formatting errors, even from experienced contributors 
— which means that the data are not being properly checked before sending to the ICQ. Corresponding with so many 
contributors on so many problems is a huge reason why this issue is delayed by two months. 

An especially big problem causing delays is that of the descriptive information; a quick perusal at the published 
descriptive information in the iCQ should immediately suggest that there are standard ways of providing this information, 
and yet many contributors ignore this fact. Descriptive information should be given chronologically, with the date spelled 
out and abbreviated (Jan., Feb., Mar., Apr., May, June, July, Aug., Sept., Oct., Nov., Dec.), with the year given for 
the first observation only per comet, and with the date given to 0.01 date (UT) as with the tabulated data. A colon 
then follows the date, with abbreviation standards along the lines of standard ICQ- coded abbrevations (see Keys in ICQ 
Guide to Observing Comets and on ICQ Web pages). Information within each date by a single observer is separated by 
commas, semi-colons, and parentheses, as appropriate (but never by periods, which indicate an end of the descriptive 
information by that particular observer on that particular date). Each observation ends with the observer s three-letter, 
2-digit ICQ code given in square brackets, followed by a period. Start the next date of descriptive information on a 
new line. Things not to include in descriptive information: limiting naked-eye stellar magnitude; observing location; 
suspected faint tails , jets, and outer coma. Also, any tabulated information that lacks a magnitude estimate should only 
be included as descriptive information, unless the other categories (coma diameter, DC, tail length, and position angle) 
are all measured and available (if these four quantities are all available in the absence of mi data, it is permissable to 
include them on one line as a tabulated observation). 

Observation Coordinators (OCs) need to check and double check every byte of data sent to the ICQ. I have said 
much about care and checking in the pages of the ICQ over the years, but this point can not be overstated: the quality 
of the entire archive depends on carefully checking all of the data at every step, whether at the telescope or contributing 
data to OCs or sending data to the ICQ. The number of simple errors that I find is alarming. This includes the wrong 
designation, the wrong year, month, date, or fraction of a date; this includes reference codes that do not exist, blatantly- 
wrong instrumentation (as with the 80-cm, 20 x naked-eye data that I got recently), and wrong observer codes. We do 
our best to catch the problems beforehand, both via visual inspection and automatic computer programs to scan the 
data for obvious problems, with corrections made prior to publication both with and without consulting the contributors 
(as deemed appropriate); but many mistakes do get through in published form, and both contributors to and users of 
this archive need to be aware of this fact. Contributors need to understand that their efforts may be in vain if they do 
not take the time and care to check data and sort out problems before sending observations to the ICQ. 


PROPER USE OF KEY LETTERS/ ABBREVIATIONS, AND NEW ADDITIONS TO THE KEYS 
An example of a subtle problem appears in the pages of this issue, one that I caught in the course of preparing these 
final pages for printing, therefore deciding to include the observations herein and remark on the problem: Under the 
“Key to Magnitude Methods”, we have for some years listed the letter ‘G’, intended to indicated that eyeglasses were 
used to defocus comet and/or comparison stars; however, this is not really a “method” and has now been moved to the 
“Special Notes Key” (as we will probably do for a few more letters in the near future). One still needs to provide a 
method when noting code ‘G’, and none of the corresponding observations in this issue do this properly; I elected to keep 
the ‘G’ observations that appear in this issue because they were all made of C/1995 01 when it was quite bright with a 
rather small coma, meaning that I assume they were all made with the VBM method (code ‘B’). , _ 

In connection with this, I have also added a related special-notes code, T, which denotes the use of a single 50-mm 
binocular lens to defocus the comet and comparison star, also used when C/1995 01 was brighter than mag +1. Yet 
another special-notes key, *%’, has been added to denote that a conversion was made for comparison stars from V to 
visual magnitude, using the B-V color and either the formula by Howard and Bailey (1980,. JBAA 90, 265) or that by 
Stanton (1981, JAAVSO 10, 1), both of which are given in the first edition of the ICQ Guide to Observing Comets, page 
65; when making such an application, the cited reference for comparison stars should also be used (meaning that really 
only actual catalogues can be used, as opposed to charts with magnitudes inscribed thereon). 
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With bright comets, some observers have attempted m x estimates visually either with camera lenses alone or a raTV ,„„ 

f U ‘f b '? *S * lhe “ d cm th/came,L" “«««) in such A fffo? 

S thl. ' A ’ to » “ d <■"«■) »« d - 

shjf $p^fcfe^'SS« t ' d ° b! l™ ti w‘ “ P * Pe ' to b ' ' n *' r ' d lh ' ““P” 1 "' "* -Nervations 

Descriptive Information, to complement the Tabulated Data (all times UT): 

o Comet 46P/Wirta.nen => 1997 Feb. 25.73: possible outburst of ~ 0 7 mas 1BAR061 Mar 1 77- el»=r ...v 

star of mag 4.7 some 10' away; T Cnc AAVSO seq. (1986) [PEROll. Feb 1 08 4quen^e AAVSO S m T ^y 
f t “f ”1 8 ? “ft* [GRA041 Feb 3.03= U Gem 1 Wi,, ejr J And not "’Zp tS IISTJ y 

rlmef 1 looking llke a fuz ^ s ta^; tail pointing E suspected but not confirmed [PEROll Feb. 3.49- w/ 2*5 km L (71x\ 
comet appeared very condensed; fainter using Swan Band filter TSEAl Feb 3 97- rnmiummc f „,„j (n /. L ^ ' j < ’ 
comet close to star of mag 5.4; U Gem AAVSO sea fPFRml Wot coma opens towards W (i.e., sunwards ; 

U Gem AAVSO sea rVTTm V* wToi * , ' J PER ° 1J ' . 3 ; 97: circuIar coma Wlth prominent central cond ; 

o^ AAvau seq. [VliUlJ. Feb. 4.42: most light from a condensed central region of dia « 2'- this an n.=^ ♦„ k 

surrounded by a fainter outer coma with a difficult-to-define boundary [SEAl. Feb ? 5 47 comet near’ Z ^ P ? d to b ? 
visible and inner region appeared very small TSEAl Feb 9 02- with iivr e ' ' i o <> =. ear s ^ ar ’ outer coma not 

looks more diffuse, ftill stSng cond. UTt 

plus strong starhke central cond. seen in previous obs.: U Gem AAVSO seo rPEftOll p-k Q Ofl ^ ^ , coxna 

Scd sr 1 rbf u “r 50 . r* « SS2^/^5£ 7 1 r ftsK 

Gvm AAVSo'a^.'cwna cpuW^be t« 1 k^e'^2i2 t [PER01*] n ^cb W 2^3'4 P ZGeED a AAysO C stQ!- ' TdY^ U 

lM*’ M° d ' 3 * 4 g 8 8l ° b " 1 “ mPfnmposed <® a large dSto'coSnlPEROlJ.’ib? 

20-cm T i°y?t towards P- a - ~ 320 ; fan-shaped outer coma suspected; U Gem AAVSO seq^PEROll. Mar^.M: w/ 

0 m T(166x), false nucleus of mag 13. S m a well-condensed coma fKAMOll Mar 11 46 and 12 42* arv - A& a 

“A" Tso^liof t«“: "•.[»= 3 i. 88 =f n “S 4 SZS 

f ' T* 4 6 ' i BAR06 )- A P'- “rnvHnvph^ »/ Sa£2i Z POC] “ap^M STAZIptne 

towards ESE; very faint stellar pseudo-nucleus offset towards WNW; T Cnc AAVSO seq [PEROlf P 

o Comet 118P /Shoemaker-Levy 4 => 1997 Feb. 3.46: not seen using Swan Band filter [SEA]. 

o Comet C/1995 Ol (Hale-Bopp) => 1996 June 7.98: w / 20-cm T f>l m - 7 r fx>-r. o\. 

[NIE01 = Detlev Niechoy, Goettingen, Germany], June 9.03: w/ 20-cm T (170X1 1 m ~ 8 3 rNTFflfl 7 X> ^ / 

- 8 0 INIE01] Jui. 15.01= w/ 20-cm (SltimU 7 8 ^SlEO 1? Jdv ^15 98 16 94 ^ 7 « 

SS [ its N02!: 4 

rrlw SrSr 

8 78- w/ 20 x 70 B ’l°? tSin! nl 7n° ?1 ’ broad ^ ad J ac « n ! ; *° the ma in tail, 0°4 long in p.a. 43° [TAN02 . Oct. 

Oct.- ‘v^M, V/ I° 2 i.r// 9 T(S"“ 8 !p"» 8 ? ?? , 8 , 3 ; [TA » 

long in p.a. 85° [NAG04], Nov. 4.41: four tails visible w/ a 20-cm f/9 L P (45x) -^^Vlone ?n n a 4 -° 

oc L 7 J “ ~ 16 4 2 o 7 ( ’/- 13 ATte jJ!- 5 2 ^ = ^/ rn 

J» 275 “ “ d °- 8 '“ 8 “ p *- 25 “ tsafi. 2 ?i££f& 

_ . o«ao 1 '3 3 / : 7- , 25 ‘ 6 ' cm ( 84x )> s ^' lar nucleus of mag 6.8; main jets between p.a. 160° and 240°, curving towards 
?entrll cond 7 /^ "TT 'W'*’ 27 [B ^‘ Feb ' L23: “ w / 10x58 B, the m 2 refers the the bright neLly sTel a 
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Font drawings of comet C/199S 01 (Eale-Bopp) in 1996. Clockwise from upper left: (1) Observation 
by Martin Lehky (Eradec Kralove, Csech Republic) with a 20-cm refractor at 140x on 1996 June 7.96; the 
northward jet was some 8' long. (2) Stipple drawing by Join E. Bottle (Stormville, NY) with 10x50 and 
20x100 binoculars on Aug. 11.10. (S) Drawing by Bortle on Sept. 15.04 with a 41-cm reflector at 70x. (4) 
Drawing by Bortle on 1996 Oct. 31.99 with a 41-cm reflector at 70x. 
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7omet C/1995 01 (Halc-Bopp) [text continued from page 75] => 
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o Comet C/1995 01 (Hale-Bopp) [text continued from page 77] => 

extended beyond the 3° listed; in 7x50 B, the head was roughly parabolic in outline, w/ the near-stellar central cond. 
offset slightly to the S side; moonlight [ADA03]. Feb. 3.13 and 5.14; w/ 8.0-cm fj 10 R (40 x), coma dia. 15.6-16 , DC 
= S7 [GER01]. Feb. 3.17: w/ naked eye, second tail 2° long, visible as a faint fan [MAN01]. Feb. 3.19: photometry w/ 
180-mm-f.l. // 2.8 lens 4- V filter 4 CCD; two YF standard stars inside the comet field used [MIK]. Feb. 3.20 and 4.21: 
photometry w/ 90-mm-f.l. //4 lens 4 V filter 4 ST-6 CCD; two YF standard stars inside the comet field used [MIK]. 
Feb 3.20: diffuse dust tail in p.a, ~ 215°-320°, ion tail at least ~ 3° long in p.a. ~ 320°; w/ naked eye, straight tail ~ 
12° long in p.a. - 330° [MIK]. Feb. 3.20: second tail 0% in p.a. 300° [HOR02]. Feb. 3.23: w/ 7x50 B, 15' coma, DC = 
7/, 4° tail [SKI]. Feb. 4.14: w/ 12x80 B, several ray-like extensions l°5-2° long visible in coma and tail [BAR06]. Feb. 
4.18, 7.21, 8.19, and 10.19: photometry w/ 180-mm-f.l. // 2.8 lens 4 V filter 4 CCD; one YF standard star inside the 
comet field used [MIK]. Feb. 4.21: diffuse dust tail in p.a. ~ 215°-320°, ion tail at least ~ 3° long in p.a. — 320° [MIK]. 
Feb. 4.23: w/ 7x50 B, tail was at least 4° long; coma was parabolic; several jets seen near the central cond., and the 
central cond. and coma appeared yellowish against the bright morning sky; w/ naked eye, the comet was visible until 
solar alt. was -6°9 [SKI]. Feb. 4.23: w/ 7x50 B, 15' coma, DC = 7, 4° tail [SKI]. Feb. 4.72: evening obs.; alt. 6°; comet 
was visible to naked eye [GRA04]. Feb. 4.88: image taken w/ 60-cm Y 4 CCD (two 5-sec exp. co-added) and enhanced 
w/ rotational gradient filter shows three bright jets in p.a. 31°, 166°, and 209°, and two faint ones in p.a. 88° and 320° 
[NAK01]. 

Feb. 5.19: a N component to the tail is seen (1°3 long in p.a. 328°); w/ 20x70 B, two curving jets are seen issuing 
from the ‘nucleus 5 (the N one is 6' long, while the other is 11' long) [TAN02]. Feb. 5.22: w/ naked eye, the comet was 
visible until solar alt. was -6°9; w/ 7x50 B, 15' coma was parabolic, DC = 7/, 5° tail; the first 2° of the tail was 
fan-shaped and relatively bright, the rest of it was faint [SKI]. Feb. 5.23-5.24: w/ 10x50 B, the coma showed a parabolic 
outline in sunward direction; there was no clear distinction between coma and tail (the ‘coma 5 size h as been measured 
to radius vector and through the central cond.); the first part of the tail was broad and fan-shaped [GRA04], Feb. 
6.19: N component to tail 1°.9 long in p.a. 325°; the two jetB seen yesterday are visible (the N one is shorter and barely 
detectable; the S jet is very evident, measuring 21') [TAN02]. Feb. 6.22: w/ 10x50 B, the central cond. was bright and 
nearly stellar (dia. < 1'); the coma had a parabolic outline towards the sun; tail bright for 1°, the rest being faint; w/ 
20.3-cm T (123x), two tail components were seen, the W part was strongly curved; in the central cond. ? there was a 
bright jet directed towards p.a. ~ 250° (clearly curved, apparently towards the W tail); there was an obvious darkness 
behind the inner coma and between the tail components [GRA04]. Feb. 6.22: w/ 7x50 B, 15' coma, DC = 7/, 5° tail 
[SKI]. Feb. 6.25: w/ 25.6-cm f/b L (169x), stellar nucleus with bright material at 15" from p.a. 160° to 210°, giving a 
<?’-like shape; bright jets in p.a. 30°, 160°, 190°, and 210° [BIV]. Feb. 7.12: second ‘dust 5 tail 1° in p.a. 300° [PLS]. Feb. 
7.20: w/ 9x63 B, broad dust tail ~ 1°.0 long spanning p.a. 270°-330° and ion tail 3®5 long in p.a. 327°; central cond. of 
mag 4.5; w/ 9-cm T (56 x), false nucleus of mag ~ 6 w/ a broad fan of bright material at p.a. 215° and a faint jet 
at p.a. ~ 25°; immediately behind the false nucleus the brightness of the coma dropped significantly; coma resembled a 
parabola [KAM01]. (text continued on next page) * 


o o o 

Below; drawing of comet C/1995 Ol by Richard Didick (Taunton, MA) with a 2 5- cm f/4.5 L (162x) on 
1997 Feb . 13. West is to the lower left, and soutk is to the upper left. 
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32raad’a mJTfaiuk dL C |S? ™pT? 240M2r^lkfkVT22 h< Tr4° B*“i 4 ‘ !"*‘ ~ 3 .° lon i i» P-a. ~ 
certainly seen for 6°, and possibly visible to 7° fSKII F*»K 7 • / 2. w/ 7x50 B, the tail was quite bright for 3° 

visible, and despite simile viewing .JSki nSlfc °S *± W naked «>met was Si} 

was bluer and much brighter than nearby TsS rGRA04l iS s?? g “ l atc Jan ‘i "/ 10x50 B, the come? 

8.20: dust tail 1“ in p. a . 280° [KYS]. Feb 8 2*1: w/n3Sd eve ^ X8 °3 coma > DC = S6 [BAR06J. Feb. 

were cleanly separated; w/ 7x50 B, 15' coma, DC *= 7/ 7° tall rSKlf pIb 8 n° S? COmet ’ but the objects 

in p.a. 322°, very complex, broad dust tail- most material ;f s £ ] ' • 8 22: “7x50 B, DC = 8; besides 5° gas tail 

[BOU] Feb. 8.22-8.24: w/ 10x50 B, tw“taS^erT^en one^ ^ 335 ; 27 f 0"*** ~ 2 »0 in pi 305^ 

£ a , bri .f ht > 5an-shaped jet directed from the bright central cond at pa ™250° if' 2 ?jU ™ 20 '»' rt C o m T ( 123x ). there 
SFirS"* ? i medlng taU com P° nent ); » fainter and more dXse jet ^as in JttTl ^ ~ 3 ? “ d * Curved 

60 ), both tail components appeared strongly curved- there was an ik™? 3 *?“?. at n t ar y tbe °PP osl te direction (p.a. ~ 
p.a. of this dark area was 325°), the centrVcZ ™ ZIZSl ' ^ the tail components'?,™™ 

w'lotso th l “r* ™ m “ h bl “" ^ S ? rSSL~ X [mam ab h s u m “ ®?~L* , “ ti&1 

W/ 10x50 B, the surface brightnesses of inner coma (excluding tb# Wkt Jv^ i * _, x , . : evenm 8 °bs.; alt. 5°5; 
central cond.) were estimated as ~ 14 0 and 17^^.. gH cond ) “ d bner taU ( at - 0*5 from 

region of M31 was estimated as ~ 19 5 mag/arcsec 2 - c^mS^as i ““P 4 ?? 0117 tbe 8urface brightness of the central 
12x80 B, star-like nucleus m 2 ~ 5, fan-shaofd dSft^] t T < S? 1 y ^* ble to naked eye [GRA04]. Feb. 9.17- w/ 
[MAN01], Feb. 9.19: excellent condition- ^ > °5 g “ P ± 300O - 260 ° (brightest part in p.a. 290°) 

.award p.a. my. a short ( 026 ) but ^ to Z W toSwS?*- *'• ^ rig. pZl 

two jets seen m the last few days are again visible in 20*70 R Fk * s ^ an 18 vlsl ^ c w / averted vision: the 

and most distinct, extending for 22'- also extending toward tk cut 7 - CUrvc . “P war ds to form the tail; the S jet is longest 
in 25.3-cm L (Mix'), .antral fonlu nlV, ^5. r d W K 

bright, extremely prominent fountain, strongly curvinganti-clockwise into l^-Uk™ 4 ’ fr( ( m t4 “ <*•* emerges a very 
shape is somewhere between parabolic and pear-shap/edT bricrht ^ C ° ma has a <*Wart blue tint; the 

border of this envelope being sharply defined and dSSp throSb t W ? mcl “ des tbe fountain on its W side, the inner 

gSxn^. mo^eml'uS (SfikLy'S ^VSW) ™ “rSenl^g Pff ’t ^ "SS^IVM 

the Warn and the fal«-nueleus, wire distLtly ^ 
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o Comet C/1995 Ol (Hale-Bopp) [text continued from page 79] => 

well-defined limits; the coma had a near- parabolic shape and showed a slightly brighter zone (or envelope) surrounding 
and including the fountain and the false nucleus; a large teardrop-shaped area inside the coma was very dark (the outline 
of this area was quite contrasting, grazing the false-nucleus and the curved fountain); the dark area, though gradually 
not so well-defined, continues through the tail, making its outer parts seem more prominent [VIT01]. Feb. 9.74: evening 
obs.; alt. 6°; mag uncertain due to thin clouds, some auroral light, and corrections for extinction; w/ 7x50 B, DC = 8, 
1°5 tail [SKI]. Feb. 9.84: w/ 8x56 B, coma dia. 17', DC = 8, tail > 5° long [OKA05]. Feb. 9.87: image taken w/ 60-cm 
Y 4- CCD (two 3-sec exp. co-added) and enhanced w/ rotational gradient filter shows three bright jets in p.a. 31°, 171°, 
and 219°, and two faint ones in p.a. 92° and 315° [NAK01]. 

Feb. 10.18: excellent conditions; the tail looks essentially the same as on Feb. 9; the dust tail extends for 2*3, w/ 
its S edge now pointing toward p.a. 280°; the short fan is less pronounced today; the jets on both sides of the ‘nucleus* 
give a C IT shape to the coma; the S jet is 0°.5 long [TAN02]. Feb. 10.24: quite bright sky in nautical twilight (solar 
alt. — 11*6); w/ naked eye, comet was visible until solar alt. — 6°.3; w/ 7x50 B, 15' coma, DC = 7/, 2° tail [SKI]. Feb. 
10.26: in 25.3-cm L //5.6 (58x), the fountain seemed not so strongly curved than in previous obs.; next to central cond., 
there was clearly a small bright ‘spot* towards N-NE; coma brightness definitely asymmetric, as a brighter zone inch the 
fountain and the first deg/minutes of tail on its W side; in 9x34 B, the coma showed a very narrow parabolic shape, the 
central cond. being slightly offset towards SW; DC = 7; slight green tint [VTT01]. Feb. 11.18: w/ naked eye, 8° tail in 

! >.a. 312°; the dust tan is best seen w/ 12x50 B and measures 4° in length (its trailing edge points toward p.a. 288°) 
TAN02]. Feb. 11.21: poor sky w/ heavy cloud; w/ 10x50 B, DC = 7, 2° tail in p.a. 318° [GRAQ4]. Feb. 11.21: in 
7x50 B, DC = 7-8; besides 5*5 gas tail in p.a. 318°, broad dust tail spanning p.a. 325°-275° (longest ~ 1*7 in p.a. 300°) 
[BOU]. Feb. 11.74: evening obs.; alt. 5*5; comet clearly visible to naked eye [GRA04]. Feb. 11.74: evening obs.; alt. 6°; 
comet was clearly brighter and easier to see than two evenings ago; w/ 7x50 B, DC = 7/, 3° tail [SKI]. Feb. 11.79: w/ 
20x125 B, coma dia. 20', DC = 8, tail 0*6 long in p.a. 310° [TOY]. Feb. 11.82: broad dust tail, 1*5 long in p.a. 290° 
and 0*8 long in p.a. 330° [SHI]. Feb. 12.06: w/ 11-cm L (32 x), - 6 JTVA031. Feb. 12,16: w/ 6.7-cm //1.8 A, 1-min 

exp. on 100 ASA film shows narrow tail 3*6 long in p.a. 324° and second fan-like tail 2*0 long spanning p.a. 320°-300° 
[FIL05]. Feb. 12.18: dust tail stretches for 3° in p.a. 288°; ion tail glimpsed momentarily w/ the naked eye; the S jet is 
very evident; it seems to be the main source of the dust tail; obs. made through gaps in the clouds [TAN02]. Feb. 12.20: 

o o o 

Below: drawing of comet C/2995 02 by AtUla. Kosn-Kiss (code IfOS} on 1997 Feb. 27.15, using 7x50 B. 
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Drawing of C/199S 01. At left Is a sketch of the Held seen visually in a 2S-cm i/4 L f44x) on 

1997 Feb. 20.43 by Daniel W. E. Green from Middlesex County, MA; intensely bright jets emanated lorn 
the nuclear rcpon into a very yellowish side of the coma (upward in this view), whereas the coma below the 
nucleusm this new (from whence the ion tail ran) was very blue in color. At right is a drawing by Atilla 
Kosa-Kiss made on Feb. 23.17 w/ a 6.3-cm Zeiss R (S2x). 5 ; 

o o o 

Jomet C/1995 01 (Hale-Bopp) [text continued from page 80] => 

7x50 B, dia. lS'-JW 1 ; the tail was divided in two parts near the coma, the length and p.a. referring to the lone and 

280^7 lfi C c TS°?fin^ thC W ^ curved a f d ended » a fainter glow towSds W (mea! pi 

' SiTi? «*>,■ cl< S r1 / a parabola; a broad jet was radiating towards W from the 

» nucleus [SK^. Feb. 12.21: w/ 20.3-cm T (123 x), the comet showed two tail components, the inner part of the W 

aSTthaU^fed 1fh bngh W ^ “Sm POrti °- , B COmponent; “ the heart of comet, there was a bright false 
i^nnfnJ 4 n°^ ^ *** ~ 5 ^o.ng p.a. ~ 60°-240°; a bright and wide fountain (l*-2' long 

spanrung ~ 40 m p.a.) was radiating from this nucleus m mean p.a. - 230°; it curved towards the W tail; the N 
indary of the fountain was considerably sharper than on the S side [GRA04]. Feb. 12.74: evening obs.; alt. 6°5 comet 
ily visible to naked eye as a diffuse star, its visibility comparable to mag-3 stars overhead [GRA041 Feb 13 20- thin 
ld “ “ & OIlt of comet; w/ 7x50 B, DC = 7/, 3° tail [SKI]. Feb. 13.23: w/ 10x50 B, tail 6Mo^fHAS02l Feb 14 1^ 
7x50 B, 2°7 tail in p.a. 288° [SHA02], Feb. 14.24: w/ 9x63 B, 1»75 til [ENT] Feb 14 83^7^56 B cLL dU 
DC = 8, tail 5" long [OKA05]. F«b. 14.84= 4" du,t toil in p.=u 285", 3" ions in f. fS[ ' 8 * 56 B . ““* **■ 

Etb. 15.13-15.15: w / 10 ><50 B, two toil compononU were teen, one being 115 long in p.e. 290"; the turfece brigbtneat 
he foer portion of tail (at ~0°5 from coma, before the splitting of the tails) was estimated as 17.7 mag/arcsec 2 - 
• 2 i^ C w r t 10 ®?)’ m th * bn 6 ht central cond., there were two cond. separated by - 3"; a bright and wide fountain 

? C rORAcS Feb *??' U '"T* ^ ^ taU; ioine “terferenfe from clouds; temp. 

F f\ 15 - 1 !- W/ 1 i' cm \ ( 50x )- strong nuclear cond. and very bright fountain w/ two or three jets 
ting SW of the false nucleus and curving counter-clockwise towards dust tail; several other neariv-straieht iets in 
V WW-J*- -/ nnbod eye, 2“ toil in p... 294" [SHAM], ££ ?“S= dS;Vjl?^d?L.d 

5 2°5 r J/'ntZZftftflSS? IT* P '*i 277 " I 7 AN “ 1 ' 1 A 2 K ,/ «»*, 3" toil in p.e. 294" [SHA02]. 

' / 2 r™ " 5 L ( 169x ). 8t ehar nucleus w/ a new shell of bright material at 15" from p.a. 200° to 240°- 

ral (2-4) condensations are seen on the jets, every 15"-20" (p.a. 35°, 75°-90°, 150°, 165°, and 200°-240°), which seem 
ppear every 8-9 days [BIV]. Feb. 15.74: evening obs.; alt. 8®; w/ 7x50 B, DC = 7/, 3° tail fSKIl Feb 15 77- evening 
in moonlight; alt. 5° [GRA04]. Feb. 16.18-16.19: w/ 10x50 B, two taifr were on^ij^S Tong^ to p.^TsO®; 
W dust component was broader and more diffuse than the gas tail and was quite bright for ~ 2°; it apparently 
■ed shghtly towards S; the gas tail was clearly seen for 6°, but the rest of it was difficult due to the MiDcy Wav 
ground m Cyg^width 0»5-l°); the surface brightness of the merged tail at ~ 0°5 from central cond. was estfrnated 
ir “^/^csecjthe tails separated at ~ 0^8 from the central cond.; temp -22° C [GRA04]. Feb. 16.19: w/ 7x50 
£= 7 A tad 8 Io ?8 f Pj*. 319 ; two tad components were seen; the W dust tad had h somewhat higher surface 
htnew and was easier to detect to the naked eye than the longer ion tail; several streamers were seen; the ion tad 
clearly seen for 5 -6 , the rest of it was faint; air temp at observing site was -20° C fSKIl Feb 16 19- second MW 
7 m P- a - 315° [ZNO]. Feb. 16.19: 4°.2 ion tad in p.a. 315®; 1°2 dust tad in p.a. 300° rVAN06l Feb 16 21 19 20 
. 2.19, 28.82, 30.82, Apr. 1.82, and 6.84: tab. tads are apparently gas tad; respective dust tad lengths and position 
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o Comet C/1995 01 (HaJe-Bopp) [text continued from page 81] => 

angles were - 3° in 280°, 2° in 295°, 10° in 320°, 8 ° in 0°, 14° in 0°, 12° in 345°, and 16° in 355° [GLI]. Feb. 16.83; 
w/ 8x56 B, coma dia. 17', DC = 9, tail 1 ° long [OKA05J. Feb. 17. 18- Apr. 17.80: “naked-eye brightness estimation 
done using a doublet achromat of focal length 36 cm (and in some cases, another doublet w/ a focal length of 30 cm); 
on Mar. 9.75 and Apr. 8.77, I employed the VSS and Morris methods w/ the help of these same lenses for defocusing 
images; for C/1996 B2 last year, I used a doublet w/ focal length 18 cm” [MIL02]. Feb. 17.24: to the naked eye, also 
dust tail ^ 4°5 long near p.a. 290°; comparison basically w/ a Cyg + 7 Cyg; a Aql and a Cep also used, but too far 
from the comet’s alt. (~ 20°); in 9x34 B, parabolic tail over 4° spanning p.a. 290°-310°; W side of tail much brighter; 
parabolic envelope; a strongly-curved fountain p.a. ~ 260° is seen bending back into the tail; dark spine clearly offset 
towards the E part of the tail; in 25.3-cm L //5.6 (58 x), strongly-curved fountain initially spanning p.a. ^ 170°-210° 
close to the starlike nucleus, then bending back towards the tail, along p.a. ~ 290°; parabolic ‘hollow’ inside the tail, 
touching the nucleus; two hoods are seen, one involving the curved fountain, the other one (fainter) involves the former, 
but begins towards the NE, then strongly bends counter-clockwise through the sunward part of the coma, to follow the 
W part of the tail; thin cirrostratus likely to have interfered; mi = 1.7 w/ 1.4x35 monocular; w/ a divergent lens used, 
an in-focus estimate yields mi = 1.7 [PER01]. Feb. 18.16: dust tail l°A long in p.a. 305° [KOZ]. Feb. 18.17: second tail 
3°5 in p.a. 295° [HOR02]. Feb. 18.18: second ‘dust’ tail 2° in p.a. 295° [PLS]. Feb. 18.195: wide-field 5-min exp. taken 
w/ 3.5/65-mm lens, CCD, and narrow-band HaO 4 filter, centered at 620 nm (FWHM = 10 rnn) shows ion tail at least 
7° long in p.a. ~ 315° [MIK]. Feb. 18.20: 3°.3 ion tail; 1°3 dust tail in p.a. 315° [VAN06]. Feb. 18.85: tail spans p.a. 
260°-310° [MIY01]. Feb. 19.13: w/ 8 -cm R (28x), second fan tail ~ 2° long spanning p.a. 250°-300°; w/ 8 -cm R ( 4 Qx), 
fan spans p.a. 300°-270°; star-like nucleus brighter than mag 5 [MAN01]. Feb. 19.14: narrow tail is 7°.5 long in p.a. 325°, 
second fan-like tail 2°,0 long spans p.a. 315°-300° [FIL05]. Feb. 19.16: bluish ion tail is 6 ° long in p.a. 313°, yellowish 
fan-like dust tail 1°8 long spans p.a. 272°-302°, dust tail is brighter than ion tail; w/ 12x80 B, 30' coma, tail 6 ° long in 
p.a. 313° [BAR061. Feb. 19.84: w/ 10x50 B, coma dia. 9', DC = 9, tail 3° long [OKA05]. Feb. 19.85: tail spans p.a. 
260°-300° [MIY01J. Feb. 19.85: w/ 7x35 B, coma dia. 25', DC = 7, tail 6 ° long [WAS]. 

Feb. 20.20: in 7x50 B, DC = 8 ; besides 6 ° gas tail in p.a. 320°, broad (slightly curved) dust tail spanning p.a. 
320°-283° (longest 2°A in p.a. 296°); moon 4° over NW horizon [BOU]. Feb. 20.23: w/ 7x50 B, 2 ° tail in p.a. 302° 
[SHA02]. Feb. 20.24: w/ 9x63 B, m x = 1.7 fMM = S), 30' coma, DC = D7, 2°.5 tail [LAN03]. Feb. 20.4 and 24.4: w/ 
25-cm // 4 L at low power, bright jets toward SE are in very yellowish coma^ whereas the coma on the NE side of the 
nucleus shows a faint but deep blue color; the SE jets are easily visible in 12x50 B; for all subsequent naked-eye m 1 
estimates of this comet utilizing comparison stars where m* differed from V by > 0.1 mag, corrections were made on 
page 74 of this issue (last paragraph) [GRE]. Feb. 20.75: evening obs.; alt. 9°.5; w/ 10x50 B, two tails seen (one being 
1°.5 long in p.a. 320°); the W dust tail was easier to detect than the gas component [GRA04]. Feb. 20.76: evening obs.; 
alt. 8 °; listed tail lengths refer to the dust tail; w/ 7x50 B, DC = 7 /, tail 3° long; w/ naked eye, the comet was first 
located w/ solar alt-.— 6°3 [SKI], Feb. 20.83: dust tail 2°,7 long in p.a. 275° and 1°8 long in p.a. 320° [SHI]. Feb. 20.84: 
w/ 10x50 B, coma dia. 9', DC = 8 , tail 2° long [OKA05]. (text continued on next page) 

o o o 

Below: drawings of comet C/1995 Ol, oriented so that west is toward tie upper right and norti toward 
tie upper left . At left is a drawing by Richard Didick on 1997 Feb . 23, as seen through his 25-cm f/4.5 L 
(I27x ). At center is a sketch by Daniel WsE. Green on Feb . 24 A3 with his 25.4-cm f/4 L (44x), in which 
two bright jets were seen, and tie right side of the coma in this view was very yellowish ("toward which the 
dust tail ran), while the left side of the coma was very bluish (toward which the ion tail ran). At right is a 
drawing by Sandro Baroni (Milan, Italy), made using 20x80 B on Feb . 23.20; the line indicates 2& . 
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F^ O 2l0n /1 A 9 ^ ( it. (H t le ' Bopp) [text COflt “ u «* from page 82] => 

~t 50 u °ife^ 

jss unaa?s5 sTbu^a’asiS 6 ! =?;*&*& 

of the dust tail was ~ 300° [SKI]. Peb. 21 83- w/ 8 * xSaB*^!?? ^ higher Dear the head tfthe comet! the p a 

tail “ P- 327 «>/sHA J 02]. Feb' 23%9^oL X t fhe^^ ^ (OKA05J. Feb. A3i% 

reb. 23.75: evernnR obs.: alt 12°* rnm^f u i evening sjty, w/ naked eye, coma diau ~ 30 DC — * IVttqi 

under ’better skies w/wkT^-g^O) V^Fe^ 2451 dUe ? ^*“8 clouds (first 

alt - h ° U ? the tad > “ tab * “tended to the CCD frame edge SSi cond> of 7.1 and^dia. 

** le f?* 3 rrw^ bmoC - ; Prombient, diffuse jets imaged at 0^23° f?d fi7^> f “* 8b aped form was readily followed for 
650 (22), 550 (K), and 440 nm (B) where thev tf d , tbr ° u 8 h Kron- Cousins filters at wavelengths 

Feb 24.84: brightest part of dust tiil 4° long in p.a 285° pr relatlve “tensities in all three bands [ROQJ. 

p.a. &SZ ** *? “ P -t 270 °- 305 • b ^ P-t in 

and a clearly visible dust tad; w/ 10x50 B, two tarts were ’seen Sft " ^Prominent object w/ a nearly-stellihead 
longer one, but until 2° from the head, the dust Xl wJ dSriv bS^f), 3 5 * on * “ *? 290 °) ; tbe E ion tail was the 
seen in the middle of the dust tail 1 w/ 20 3-cm T/m»l ai. y bnghter than the gas tail; a distinct jet, ~ 1° l one 

“'•"■W of com*; a »it u; thSVta 

u bwm! teTJSfVSa SS&sriP* */]“«“» ££$8 

ol«.; alt. 10«5; heavy elond (even rtill 4 dit S ^ SS,” A, 2 * ff™!* Feb ' 26 ' 78: "■!■« 

the comet showed a bright and nearly-atellar head and an easi!y visible tail- w / uw°ei’ 27 w/ naked eye, 

3° long in p.a. 239°); the W dust tail curved toward 9 »mf -j VV J°.\ 50 B - two ^ wer « seen (one being 

./ T (dH the SISSS a^lL*^?S5~ » 
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o Comet C/1995 01 (Hale-Bopp) [text continued from page 83] => 

directed along p.a. 5°-185°; from this nucleus, there was a bright fountain, ~ 1' long and spanning p.a. 155°-225° (in 
this fountain, there were two dark rifts located — 15" and ~ 30" from the nucleus; the surface brightness of the fountain 
was 14.3 mag/arcsec 2 ); the head of the comet was yellow and bluer than the K5-star HR 8005; in moonlight, Milky Way 
faintly visible [GRA04]. Feb. 27.16: second tail 5° in p.a. 285° [HOR02]. Feb, 27.19: second tail 2°2 in p.a. 290° [PLS1. 
Feb. 28.05: w/ 11-cm L (32x), ~ 5.3 [IVA03], Feb. 28.16: w/ 11x80 B, comadia. 15' and 3°5 tail in p.a. 310° [STO . 

Feb. 28.16: w/ 9x63 B, ion tail displayed at at least two bright streamers; bright dust tail 3° long centered at p.a. 290° 
and spanning ~ 30°; tail > 5° long in p.a. 307°; DC = S8; extremely bright central cond.; obs. under severe moonlight 
[KAM01]. Feb. 28.19: ion tail at least - 5° long in p.a. - 325°; dust tail at least 3° long in p.a. - 260°-305° [MIK]. 
Feb. 28.19: in 7x50 B, DC = 8; besides 6°5 gas tail in p.a. 322°, slightly-curved dust tail (longest 3°3 in p.a. 303°); very 
strong nuclear cond. of slightly yellowish color; comet impressive despite moonlight [BOU]. Feb. 28.20: w/ 8x30 B, 2° 
tail [ENT]. Feb. 28.73: w/ 80x12 (B), ion tail 12° long and dust tail 4° long; shadow between two tails [BAR06]. 

1997 Mar. 1, 3, 9 and 10: three shells near the cometary nucleus were observed w/ 0.7-m L; on Mar. 3.14, distances 
of shells from nucleus were: 2nd shell, 7"; 3rd shell, 9" (diameters of shells were 22" and 25") [CHU]. Mar. 1.17: dust 
tail 4° in p.a. 305° [KYS]. Mar. 1.18: dust tail 2° in p.a. 305° [KYS]. Mar. 1.19: in 7x50 B, DC = 8; besides 6°6 gas 
tail in p.a. 324°, broad slightly-curved dust tail spans p.a. 283°-307° (longest 4°0 in p.a. 299°); w/ 15x80 B and 0.16-m 
L (at 29 x, 102 x), broad fountain-like structure visible in p.a. ~ 220°, curving back (anti-clockwise) into the main tail 
and forming bright streamer some 1°5 long near the N side of the tail in p.a. 305°; very strong central cond., yellowish 
in color [BOU]. Mar. 1.19: w/ 7x50 B, 26' coma, DC = 7, 4° tail [DIE02]. Mar. 1.22: w/ 9x63 B, 3° tail [ENT]. Mar. 
1.22-1.23: to the naked eye, besides the 9° gas tail near p.a. 320°, there is also a broad, slightly curved clockwise 7° dust 
tail spanning p.a. ~ 280°-305°; strong disk-like central cond.; in 9x34 B, conspicuous fountain, initially to the SW, then 
strongly bending anti-clockwise into the dust tail; a prominent streamer flowing from the nucleus along p.a. ~ 280° can 
be traced for at least 2° into the dust tail; there is a dark area very close to the nucleus, and between the N edge of the 
fountain and this streamer; gas tail is less well defined and fainter than the dust tail; dark spine separating the two tails 
clearly offset towards the gas tail (i.e., to the NE of two tails* axes); in 25.3-cm //5.6 L (58 x), even at such low power, 
the inner-coma structure is extremely complex and intricate; non-stellar nucleus, just above the resolution limit; huge 
fountain spanning p.a. ~ 160°-220° near-nucleus, now presenting sharp inner detail; four plumes, two on each side of the 
giant fountain, plus a bright cloud of material in a short circular arc (separated from the fountain, and towards p.a. ~ 
100°, some 30 /f -60" from the nucleus), all combine to give the impression of two concentric layers, estimated at ~ 30" 
intervals; the dark ‘hollow’ tailwards of the pseudo-nucleus is much less pronunced and rather narrow-shaped now; the 
coma is strikingly asymmetric in brightness; the thick large stream of material in the continuation of the fountain makes 
the whole ‘trailing 5 side of the coma look markedly brighter than the ‘leading* edge, the transition being quite dramatic 
through p.a. ~ 120° from the nucleus; this gives the coma an almost-dichotomous phase aspect; the gets tail looks less 
defined; obs. made through a veil of cirrostratus, thought to have not affected mi significantly (i.e., estimates made at 
times when the veil was looking homogeneous, both at the comp, stars and at the comet); w/ 1.4x35 monocular, mi 
= -f0.2 [PER01]. Mar. 2.07: w / 11-cm L (32 x), m 2 = 5.3 [IVA03]. Mar. 2.09: w/ 7x50 B, dust tail 7° long in p.a. 
310° [VEL03]. Mar. 2.14: second tail 5° in p.a. 285° [HOR02J. Mar. 2.16: w/ naked eye, dust tail 8° long in p.a. 310°; 
m 2 = 1.8 [SAR02], Mar. 2.16: dust tail 9° long in p.a. 310° [SZE02J. Mar. 2.17: ion tail at least ~ 5° long in p.a. ~ 
323°; dust tail at least 3° in p.a. ~ 260-305° [MIK]. Max. 2.17: curved dust tail 2°8 long [MEY]. Mar. 2.19: 4°8 ion 
tail in p.a. 325°; 2°6 dust tail in p.a. 290° [VAN06]. Mar. 2.45: w/ naked eye, 4° gas tall at p.a. 326°, and broad 3° 
dust tall spanning p.a. 285°-310°; in 7x50 B, the gas tail was traced to ~ 5°5 and it curved slightly counter-clockwise 
to ~ p.a. 330°; there was a dark lane w/ a spine-like tip separating the two tails; the central cond. was an elongated 
disk w/ axis pointing in p.a. 285°, and w/ a bright streamer extending f rom the nucleus ~ 1° into the dust tail at 
p.a. ~ 305°; the gas tail and NE side of the coma had a definite bluish tint, giving way to a yellow color on the other 
side of the coma and into the dust tail [ADA03]. Mar. 2.67: “w/ 4-inch R, hoods are fabulous, like luminous arcs or 
interference patterns just like George Bond’s drawings of comet Donati in 1858; jets form a 30° wedge, w/in which are 
three parabolic hoods that appear to be illuminated as w/a flashlight beam only w/in this SO 0 wedge\\ outside of this 
wedge, the hoods are much fainter” [OME]. Mar. 3.10: dust tail 2°5 long in p.a. 305° [KOZ]. Mar. 3.11: w/ naked eye, 5° 
tail in p.a. 310° [SHA02]. Mar. 3.17: also dust tail 4°7 long in p.a. 300° [BOU]. Mar. 3.23: w/ 8x30 B, 2°5 tail [ENT]. 
Mar. 3.6: “nuclear cond. of C/1995 01 was still easily visible well after sunrise at Apache Point Observatory, as viewed 
w/ the 60-cm Sloan Digital Sky Survey ‘Monitor Telescope’ and a 55-mm eyepiece; three concentric shell fragments and a 
huge jet, which had been visible around the nucleus in dawn twilight, were astounding!” [John W. Briggs, Apache Point 
Observatory, Sunspot, NM]. Mar. 4.06: w/ 11-cm L (50x), two bright and one faint shells, w/ best visibility towards 
fountain in the SW quadrant from the false nucleus; bright narrow jet 3' long sunward; w/ naked-eye, ion tail 15° long 
was blue in color and dust tail 6° long in p.a. 270-298 was yellow; coma had bluish color [BAR06]. Mar. 4.08: w/ 7x50 
B, dust tail 5° long in p.a. 300° [VEL03]. Mar. 4.18: also slightly-curved dust tail 5°0 long in p.a. 304° [BOU]. Mar. 
4.23: to the naked eye, 12°-long, broad, slightly-curved dust tail spanning p.a. ~ 290°-310°; also 11° gas tail near p.a. 
325°; comet looks more diffuse; in 9x34 B, nearly-parabolic edges less well defined; gas tail near p.a. 310° much fainter 
than dust tail that spans p.a. 280°-300°; nearly-stellar nucleus; strongly-curved fountain, initially towards p.a. ~ 240°, 
seems to be feeding the trailing edge of a bright streamer inside the dust tail along p.a. ~ 295°; this streamer now looks 
much broader than in previous obs., the leading edge leaving the nucleus tailwards, almost w/o bending; dark spine 
offset towards the gas tail; overall, the comet resembles a ‘hockey stick’ surrounded by a fainter parabolic envelope; in 
25.3-cm //5.6 L (58 x), dust tail much brighter than gas tail; dark area tailwards of the nucleus not so conspicuous, more 
contrasty near the inner edge of the dust tail; three hoods spanning p.a. — 135°-260° inside huge fountain, spaced by 
roughly 0(5 difference, surround the nucleus; a bright jet (like a narrow 20° open fan) is centered near p.a. 200° inside 
a broad fountain, extending ~ 0i2 from the nucleus; another weaker fountain-like structure leaves the nucleus towards 
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Above: Three sketches of the com* of comet C/1995 Ol bvDanieJ W F u lV . , , 

o,J»W «« oath* ; Ron, „*». m L* 

s$sz:z,7£z “ ^ * * - " d “ 
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° ^' arne * C/1995 01 (Hale-Bopp) [text continued from page 84] — > 

*•*-■*« -f comet; as 

4 ' 80 «’ Hr rr f ' *- .“ j : ^ 

tail in p.a. 300°; curved slightly towards W FSAR021 Mar r j m^L 0 « Mar. 6.15. w/ naked eye, 5° dust 

7X50 I do* tail 6» long Sfpl M^Eu| ffi'oS , 6 / MS' Z K?S> “tL* 1 * 'L 
9x63 B, tails 14° (gas , 7° (dust); the tails ha3 a comparable rorfew h&tnL. at 3° ,{ naked v e 3? and 

fo r 40 iu 7 5U Bjwfiq. 

w/ naked eye, curved dust tail 6° long, central cond. of mag ~ 1 5 i/ ft B ' 5 iu^ 06 ^ £,"* 7 ‘ 18: 

w/ 20-cm T (lllx), false nucleus of mag ~ 3.0, w/ curvecfiet and thi SSlS ^T*/. °? E border °f dust tail ! 

bright streamer); sunward jet fan spanning ~ 120°* in tailward direction much H t opes ( wb ^ were tlle origin of the 
apex of the parabola, but positioned a bit to the NW [KAMOll Mar 7 18- besides nucleus is not at the 

p.a. 2880-310° (longest 6°3 in p.a. 300°); strong cond., yellowish in “lor fBOW M», g ^ ^T/"* du f* tad m 

the aperture sise was enlarged accordingly fMIKl Mar 7 2fi- w/ j due t° ®bgbt coma increase, 

Id in the Milky Why;*™, S2MWE? '|5& B ' ^ T <«“>• S “ f*** *“ 

(Capella) [CRJ301]. Mat. 8.06: w/ 7x50 B, duet Su? E£ £ 

m». ai’tfU rpSSJEaS/S- 'SLtlrfi 

di^mctly y*l», “of 

TwJilTw^S^"- feSidT^WJ?? ,hOTOi ~ 

oL^° m ^i ^ n0ti i C nc bl ? W/ n f. edeye; in 7x50 B - the S d ^t (yellow) is bJSd^Jer 2° widefo^ 

' long m p.a. 310°; narrow 10 plasma tail in oa 330° rqppl iur a _ o ao. u.- u* 1 . J , 1 , > lQe J> °; er 

long) (SHI). Mat. 0.10: do* tail 0? long [MOR^f O.K ^ L (iox^T- 1 ??^ SL"o P ,t 

R (Ox), do,. Ufl 7- long in p.a. 282--29S- ./ iaked-eye. ion La^lonfta pSaM?’ ZIZ 
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? 10° long in p.a. 295° [HOR02], Mar. 9.16: 13° ion 

tSl in p P a '330»' 5° dust tail in p.a. 310° [VAN06]. Mar. 9.17: also slightly-curved dust tail spans p.a. 296°-3 18° (longest 
goe in p a. 305°); strong cond., yellowish in color; w/ 7x50 B, the head looks like an inverted J w/ a broad fountain 
roughly* centered in p.a. 210°, curving back anti-clockwise into the dust tail [BOU]. Mar. 9.24: to the naked eye, broad, 
sStly-curveddust tail span^ p.a. 290°-310°, longest towards p.a. 310°; 7°-8° gas tail near p.a. 330°; the bright fountain 
and streamer are perceived; 0°5 tail still seen 30 min before sunrise; still visible to naked eye 20 min before sunrise, in 
9x34 B, very strong central cond.; a huge fountain continues as a broad bright streamer along the ^ner or leading e ge 
of the dust tail (the inside boundary just tailwards of the nucleus being ve sharply defined); inside this broad streamer, 
there is a brighter, narrow streamer that leaves the pseudo-nucleus towards p.a. 260 , then curvmg slightly taJwajds; 
dust tail is better defined than gas tail; in 25.3-cm // 5.6 L (58x), wide open fountam initially spanning p.a 180 -295 , 
four hoods inside this fountain, the first being linked to the nucleus by a V -shaped wedge of bright material that leaves 
the nucleus towards p.a. 320°, then sharply turns back to touch the first hood near p.a. 295 ; another weaker fountain-like 
structure leaves the nucleus towards p.a. 100°, then strongly curves counter-clockwise through the sunward part of the 
coma to join the outer edge of the great fountain; broad bright streamer flowing from the great fountain along the inner 
part of the dust tail, the inner or leading edge being sharply defined; the dark void tadwards of the 
prominent there being a gradual brightness increase from the sharp inner edge of the dust tail to the outer, leading edge 
of the gas' tail (the inner, trailing edge of the gas tail is ill-defined); as twilight advances, the nucleus remains s ar, 
while a knot of bright material is suspected very roughly 0'.5 to the NW; 15 mm before sunrise, the ffrst hood is st^ 
visible, whilst the nucleus itself could be Mowed until 4 mm to sunrise, still w/ some diffuseness around; slight mist at 
the beginning of obs., conditions improving thereafter [PER01]. Mar. 9.26: w/ naked eye and 11x80 B, tads 14 (gas), 7° 
(dust)f the dust tail is a wide fan beautifully curved towards the S, w / a sharply-defined N edge and a wy ^edge, 

the gas tad was lost in the Milky Way, but there is a hint (stronger than yesterday ) t hat the “ ^ ^ ^319 44 
Milky Way into the N-galactic hemisphere, which would increase the quoted tad length by ~ 10 [DAHJ. Mar. 9.31-9.44. 
comet viewed from its rising around 2:45 a.m. local time until in deep twilight around 5:30 a.m. local time (nearly 3 hr), 
fa£d M (ion vs. dust) w£ really remarkable from a dark sky w/ 12x50 B; w/ 32-inch L (100x), remarkable : structure 
in inner coma w / 3 irregular hoods/shells and a faint outer fourth shed strongly suspected; as before, the SE side of the 
w/ JTstmng diijets/shell/ is very yellowish, while the other side of the coma (where the ion tad coming) is 
very bluish; even from a very dark mountain site under crystal-clear winter skies, naked-eye ion tad is .!!. rGRE^^ 
to 10° (the outermost few deg extremely faint and tenuous), and the dust tail is seen to only ~ 5 or so [GRE, w/ B. 
Vols and M. Motta, Center Harbor, NH]. Mar. 9.78: w/ 4-cm R (8x), dust tad 8° long in p.a. 300 ; w/ naked eye, ion 
tail 15° long in p.a. 326° [BAR06]. (text continued on next p&ge) 


o o o 


Below: drawings of comet C/199S Ol by Atilla. Kose-Kiss via 7x50 B on 1997 Mai. 10.15 (left) and Mar. 
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. Two sketches of tie coma of comet C/199S Ol by Daniel W. E. Green, showing tie cianein* 

£^2* Z thC n " dcar re * ion * 24 Ao “ s > “ with the Harvard cJTege 

Observatory 9-mch //12 H (a6xj. Tie view at left was on 1997 Mar. 16.00 and tiat at tie right was on Mar. 
lo.98. A new sheli appears to be forming in tbe right picture. 
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o Comet C/1995 01 (Hale-Bopp) [text continued from page 86] => 

"i I*? 0 , S’ , du8t - taU 6 ° long “ P a - 314 ° [VEL03]. Mar. 10.11: dust tail 3°6 long in p a 340° rCHVl 
Mar. 10-14; second tml 10° long in p.a. 295° HOR02]. Mar. 10.14: dust tail 5° long [MEY1. Mar 10 15- w/ nSed 

Z l du8t taU 6 i,°^ P-a. 265“-310°; central cond. of mag ~ 1.0; w/ 9x63 B coma dia ly DC - 

dreamer onEborder of dust tail; w/ 20-cm T (lllx), false nudeus ofinag ~ 3.0; again visibfe is a cu^ed 
(comma-shaped) jeTand three bright envelopes; sunward jet fan spans ~ 120°; tailward is a much darker area- f»l«e 

3°5 Zt“^il i^p a P 305° f WAN^t?’ r uV° th *JT? [KAM01 ^ Mar ‘ 1016: 13° ion^S in p.a.’ 33C?°, 

„ a “: - 1 ™ P*jJ* 305 [VAN06J. Mar. 10.17: also sbghtly-curved dust tail longest 6°5 in na sfrnmr 

MilWW m C ° OT ^ B ° U ^' JJf 1 , to th * naked eye > *“ ends * S of a Cep; dus/tail < 10° Ion? lost in 
Mdky Way, spanning p.a. 290°-320°, the trailing edge being slightly curved clockwise; in 25.3-cm #5 6 L (58xf ’ o“rs£ 

hr^ff° Ce *° pr T c Tx ^ ( h< ?T evar * the wcd « e of material linking the nucleus to the first hLd looks’sU K h5v 

/ ^?^\ cente ” < ? 1 a * P-** 280 )* d "k v ? ld tail war 4p of the nucleus slightly more prominent a gain [PEROll Mar 10 25* 

l£Mk tet w (d ^ iA he -, gaS taU “ [° r thc 6184 tin * definitely seen to extend beyond the Xy War 
dust tad was lost m the Mdky Way; both tails seem to have higher surface brightness than on previous mominw toAffl 

t'Z LvmalSSfJ?* fn M ng u“ It 32 °° tV? 103 ]* Mar * iO- 7 ®: dust tad 9° [KON06]. Mar. 10.7? Wcond 
j 7 “ P* 3 ^ 288 [HOR02]. Mar. 10.82: brightest part of dust tail in p.a. 295° (7° lone) fSHIl Mar 11 11- w / 7* so R 

S’? 1L13: W / 63 - m L ( 130x )- ^nght concen^m ringp; ludght Jet towards 

p.a. 260 , on Neopan 1600 film, 1- mid 3-sec exp. w/ 63-cm L show four rings elongated w/in V nf *k. A 
nucleus; dust tad m the section p.a. 295°-308°; ion tail is suspected to length of 23° [CHE031. Mar 11 13* dust tail 6° 
°“f m J? 0Z I- **«. : 1L14: dust tail 6° bag (MEY). Mat. 11.15: meed ti 10" k p.a 295" mOM21 
11.16: 13° ion tad m p.a. 330°, 6° dust tail in p.a. 310° [VAN06]. Mar. 11.20: w/ 10x50 B 4° tail IENT1 Mar 1 iS- 
./ ak«d T tmd 9x63 S, Uib 17" (gm), 9" (daat); J, uateik d„, to dZL pjS] ita. uflf Sk S, iti 
noticeable; in 7x50 B, coma very elongated and bright yellow in color* plasma tail seen w/ naked ew in atrMrh f ao^ 
& a. 3 dak W1 to 8" k pa. 32" (SPRJ. M„. 11.70: Lt tkl 6‘ZiPSSiA S 

/ it p - a V 3 ?f [HOR02]. Mar. 11.77: second tail 10° in p.a. 300° [PLS]. Mar. 11.78: dust tail 9° 
KON06I. Mar. 11.99: w / 1 1 —cm T. 9 y 1 m. — a o n \T a n ol \r.. i a t a. j . ._*i .a* , . . . 


j ° TS' 0 --,™ Mar * w/ naked eye, curved dust tail 6° long spanning p a 280°-31^- 

st^n/iT NW ^ 7 l* W/ + w m T ( lllx )* s P«ctacular sight — false nucleus again showed ? t he comma-shaped jet’ 
tS! 8 NW ^ d “^*“8 mnermost envelope; this and a second envelope today were broader and moredifW 
. qqo on , e P reced l n 8 days; a nng-like feature (at first glance resembling one of the impact sites of comet D/1993 F2 = 
1993e only a few hours after impact) surrounded the false nucleus, which was positioned! bit to the SE of the center of 
his feature, a closer inspection showed the feature to be most probably the result of a rotating jet; on the sunward side 
it was identical w/ the innermost envelope, while on the tailward side, it started at the SE end of the enveloT^d then 
looped around the false nucleus w/ a radius of ~ 1'; the NE segment was weakest, while to the N and NW i^ brightened 

4"“uEtnn W/ 9 f e Mi > 5 ’. DC = S8/ [KAM01]. Ik. 12.20:’,/ 10x50 b| 

4 tail [ENT], Mar. 12.23. to the naked eye, also 12° dust fan spans p.a. 290°-320°; in 25.3-cm //5.6 L (58x), broad 
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o Comet C/1995 Ol (Eale-Bopp) [text continued from page 87] => 

fountain seems to be weakening, spanning p.a. 185°-295°; nucleus looks like a 0'.2 beam aligned towards p.a. 205°; broad 
wedge of material leaves the nucleus towards p.a. 270°, then abruptly turns 90° to S to ‘start’ the first hood, some 0'.5 
from nucleus; the hood looks broken near the edge of the fountain at p.a. 180°, then reappears as a parabolic arc going 
through the sunward coma until p.a. 70°, where there is another abrupt turn, the hood going through tailwards of the 
nucleus to touch the beginning of the second hood at p.a. 295° (i.e., the hoods appear as a spiral made of ogival arcs!); 
this second hood also breaks at p.a. 185°, reappearing weakly as a short arc to p.a. 160°-180°; a new hood seems to be 
forming W of the p.a. 205° ‘nucleus beam’; third hood spanning p.a. ~ 185°-295°; fourth hood much fainter, spanning 
p.a. 245°-285° [PER01], Mar. 12.51: “both tails wider, longer, and more distinct; S side of comet more yellow; impressive 
sight!” [SPR]. Mar. 12.77: dust tail 9° [KON06]. Mar. 12.77: second tail 8° in p.a. 300° [HOR021. Mar. 12.77: second 
tail 10° in p.a. 300° [PLS]. Mar. 13.10: dust tail 6° long [MOR04]. Mar. 13.10: w/ 11-cm L (32x), distinct starlike 
nucleus dia. l!5; coma observed as a small spherical triangle containing three or four bright arcs [MOS03]. Mar. 13.14: 
second tail 8° in p.a. 300° [HOR02], Mar. 13.23: to the naked eye, 28° gas tail leaving the nucleus towards p.a. 335°, 
very slightly curving counter-clockwise after ~ 9°, ending close to /3 Cep; 9° dust fan spans p.a. 295°-315°; comp, stars 
Vega and Deneb; in 25.3-cm//5.6 L (240 x), stellar nucleus; 0'.2 jet towards p.a. 200°; fountain spanning p.a. 190°-290°; 
first hood 0!5 from nucleus, spanning SSE-WNW, linked to the fountain by a broad bridge spanning p.a. 220°-270°; third 
hood spans p.a. 200°-270°, some 111 from nucleus; at 58 x, nucleus as a beam towards p.a. 190°-200°; weakening fountain 
now spans p.a. 170°-285°; void tailwards of the nucleus more prominent again, appearing as a narrow parabolic dark 
area; first hood spans the full fountain fan, fading at the p.a. 170° edge, then reappearing as a short arc to the SE; second 
hood also spans the frill fountain fan, fading at the p.a. 170° edge, to reappear immediately as a parabolic arc that could 
be traced clockwise until p.a. 60°; third hood much weaker, as a short arc to the W; fourth hood only glimpsed towards 
p.a. 270°-290°; overall, the coma continues strongly dichotomised, the trailing part being prominently brighter; broad 
bright streamer inside dust tail as in recent obs. [PER01]. Mar. 13.39: “it really makes a HUGE difference seeing this 
comet in a dark sky, just as w/ C/1996 B2!!; naked-eye ion tail curves beautifully past the Milky Way — no doubt about 
it, more than 20° long; we both felt that the ion tail was both much longer and of much higher surface brightness this 
morning than four mornings earlier from the same site (both under clear conditions, near 0° F); dust tail curves about 
8“ in right fork (ion tail forming the left fork) — stunning via naked eye, in 12x50 B, and in 32-inch // 4 L; comet still 
visible at this latitude (+44°) for 1.5 hr prior to the commencement of astronomical twilight; words can hardly describe 
the beauty of this comet this morning” [GRE, w/ M. Motta, near Center Harbor, NH]. Mar. 13.99: w/ 11-cm L (32x), 
m 2 = 4.1 [TVA.03]. Mar. 14.16: the end of the ion tail is superimposed on the Milky Way, clearly seen up to 18°; “I 
suspect a possible further extension up to 20°, but as it is superimposed on a bright star cloud, I cannot be sure it is 
real” [MIL02]. Mar. 14.50: both tails are growing larger; in the 7x50 B, the twin tails both extend to over 10° [SPR]. 
(text continued on next page) 

o o o 

Below: drawings of comet C/1995 Ol by Maxgazeta Westlund. At left, broad view of tails with 7x35 B 
on 1997 Mar. 18.10. At right, view of coma with 20- cm f/10 T (125x) on Mar. 22.82, in moonlight 
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. of the coma of comet C/199S Ol by Darnel W. E. Green, siowin* tie cianrfne 

dust ioo^or ialoes emanating from tie nuclear region, as seen with a 25.4-cm f/4 L (39x and 85x). Tie 
vjew at left was on 1997 Mar. 16.4 and that at the right was on Mar. 18.4. Tie rigit side of tie coma (bom 

?$* 10a t&d) WBS TO3r Wuisi > wrMie the left *We tie coma ('from wience issues tie main part 
of tie dust tad; was very yellowish in color. Numerous splintered streamers and rays where easily visible in 
toe job tail within a degree of the nucleus. 


OOO 


o Comet C/1995 01 (Hale-Bopp) [text continued from page 88] — > 

?? taU ®° ^ *? P ' a ‘ 7, 310 °> 8 P aonin g P- a - 290°-315° [ADA03]. Mar. 15.49: comet lower but very 
32MSPR1 Z iflt* ^K^wmewbat, as they now are more ‘blended’ together (wider); tail length over 

B M, Uii mo j* Mar - 16 : 10 'T/ Da ^7i l yc> ta j} s 14 ( lon ) “d 8° (dust); the gas tail was nearly straight; in 7x50 
B, gas tail 14 - easily seen for 10°; w/ 10.2-cm //15 R (60 x), the nucleus appeared round; two bright (hoods) 

!^ n “ g ~ 12 ,° ™ seen in the fountain that originated from the nucleus, the innermost hood being 8 brightest [SKIJ 

;ind w/ l 3 m pa - 3400 (ion) > 70 b ^ 3180 (**>i «* *»* ^ was v ery uSS S ry 

central cond., and it showed a strong curvature towards S; the intensity of the gas tail was comparable to the Cve Milkv 

Thri^f 6 "J- fromthe head; m , 10 . x , 50 B - tails 130 ( ion )> 7^5 (dust) [GRA04J. Mar. 16.18: m 20.3-cm //10T fl23x) 
a bright fountain was seen near the false nucleus, spanning p.a. ~ 170°-270°; 3-4 bright arcs (hoods) were seen in this 
fountain; these hoods were separated by dark lanes; observed in nautical twilight fGRA04l Mar 16 24 - to tk» n »v-i 
eye shghtly-curved 16° dust fan spans p.a. 290°-330°; also 14° gas tail near p/Sft tagiS //5 6 L (240x) 
nucleus, broad bridge of material leaving the nucleus towards W, then abruptly turaine clockwise to start the h 

JM'Wi 2»d t*. ~ 200°-270 & ; third JlTSSuSi g 

two first hoods is larger than the distance between second and third hoods; at 58 x, ‘nuclear beam’ towards p a ~ 320°- 
broad, weak foimtam spans p.a. 190°-270°; four hoods starting to convey the impreiion of layers; first h^odlfnked to the 

rpwnni r i 0a ^r bn 1| e « f ma . tenal due-W of the nucleus; strongly dichotomised coma, the trailing part being 
much brighter [PERO 1] . Mar. 16.75: w/ 7x50 B, dust tail 4° long in p.a. 320° [VEL03]. Mar. 16.83: w/affi t32 

ir qo° P A t ri 1 o«i P ‘f'£^ 20 ( dust ) [GRA04]. Mar. 16.97: only the dust tail was seen; moonlight [SKIl-Mar. 

. 9. in 20.3-cm //10 T (123 x), from the pseudo-nucleus there was a wide, bright fountain spanning p.a. ~ 160°-270°" 
r “ fountain (the two innermost were bright and easily seen); the intensity of the inner 

part of the dust ^J^ooondaably higher than the nearby planetary nebula NGC 7662 [GRA041. Mar. 17 13- dust 

mo 3 ^p{nS Z M Mar i'vL 17 ; W .( nak t d J eye ’ 8 ° tail in p - a - 320 ° PHA02]. Mar. 17.23: w/ 7x50 B, dust tail 
6 long m p.a. 325 [VEL03]. Mar. 17.24: to the naked eye, ~ 10° gas tail near p.a. ~ 345°; also ~ 10° dust fan spanning 
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o Comet C/1995 01 (Hale-Bopp) [text continued from page 89] => 

p.a. 290°-310°; in 25.3-cm //5. 6 L (58 x), stellar nucleus; broad bridge of material towards W links the nucleus to the 
first hood; the spiral structure of the four hoods like ogival arcs; first three hoods can be traced from W through S, to 
E; second hood also continues faintly from W to N, while the third hood has an ill-defined extension from W to NW; 
the fourth hood only spans WSW-W; there are clear breaks/dimmings in the hoods, both at p.a. 160° and 270°; narrow 
parabolic dark void tail wards of the nucleus, clearly offset towards the leading edge of the tail system — the contrast 
at the dust-tail leading edge being stronger than at the gas-tail trailing edge; strongly dichotomized coma, as in recent 
obs.; the ‘terminator’ along p.a. ~ 160° is slightly concave towards the leading part of the coma [PER01]. Mar. 17.38: 
the ion tail seems again fainter in surface brightness and not as obvious through Milky Way as during last obs. at this 
dark-sky site; can the ion tail be oscillating in brightness as did the ion tail of C/1996 B2?; crisp, dear (and cold! — 0° 
F) conditions near Center Harbor, NH [GRE]. Mar. 17.79: second tail 7° in p.a. 305° [ZNO]. Mar. 17.82: w/ naked eye, 
tails 7° (gas), 5° (dust); dust tail bright for 3°; moonlight and thin clouds; in 7x50 B, tails 8° (gas), 6° (dust) [SKI]. Mar. 
17.84: w/ 7x50 B, DC = 8, tails 10° in p.a. 330° (gas), 5° in p.a. 310° (dust); both tails appeared curved; weak aurora 
borealis near comet [HEE]. Mar. 18.01: w/ naked eye, only the dust tail was seen; moonlight [GRA04]. Mar. 18.09: dust 
tail 7° long [MOR04J. Mar. 18.15: second tail 9° in p.a. 315° [HOR02]. Mar. 18.15: ion tail 4° in p.a. 325° [DVO], Mar. 
18.24: to the naked eye, dust tail spanning p.a. 300°-330° and 9° gas tail near p.a. 345°; in 25.3-cm // 5.6 L (240 x), 
nearly-stellar nucleus; broad spiral arm initially leaves the nucleus towards p.a. ~ 280°, then strongly bends clockwise ^ 
0'3_0'4 from the nucleus to form the first hood; near the opposite side of where this spiral arm leaves, the nucleus, there 
is another weaker and smaller spiral arm leaving the nucleus towards p.a. ~ 110°, then strongly bending clockwise some 
0'.2 from the nucleus, but it couldn’t be traced much farther after the bend; the second hood spans p.a. ~ 180°-270°, 
some 0(5 from nucleus; at 58 x, hint of new hood or spiral arm very close and to the E side of the nucleus; the bridge 
or spiral arm Unkin g the nucleus to the first hood, on the W side, is much weaker now, as if the detachment of the first 
hood was near completion; three hoods seen, all spanning p.a. ~ 110°-280°, there being a conspicuous weakening near 
p.a. 190°; overaU, the hoods do not convey so strongly the impression of ogival arcs as previously, but rather the shape 
of wide paraboUc arcs; narrow paraboUc dark void tailwards of the nucleus [PER01]. Mar. 19.05: w/ naked eye, dust 
tail 6°; in 10x50 B, tails 9° in p.a. 347° (ion), 7° in p.a. 328° (dust) [GRA04]. Mar. 19.09: dust tail 8° long [MOR04]. 
Mar. 19.13: w/ 7x50 B, dust tail 5° long in p.a. 332° [VEL03]. Mar. 19.16: w/ naked eye, tails 7° (gas), 6° (dust); dust 
tail curved strongly towards W; observed in morning twihght; in 7x50 B, tails 10° (gas), 7° (dust) [SKI]. Mar. 19.84: 
w/ na V«< eye, tail 12° in p.a. 346° (ion), 7° (dust); the gas tail was quite easily seen for 7°; the comet was first detected 
when the solar alt. was -4°.l; in 7x50 B, tails 12° (gas) and 8° (dust) long [SKI]. (text continued on next page) 

o o o 


Below: drawings of comet C/1995 Ol. At left, sketch by Sandro Baroai as viewed through 20x80 B on 
1997 Mar. 20.78; the line is 3(f in length. At right, sketch by Daniel W. E. Green as viewed through the 
Harvard College Observatory 9-inch f/9 Clark R on Mar. 24.98. 
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o Comet C/1995 Ol (Sale-Bopp) [text continued from page 90] => 

SSP25 tfsEiS3tex3£ , aiS: 

more broad, spanning p.a. 305°-323°; both Sails were lost in the M^v wiv ® 9 V° ^ *T' was much brighter a * d 

to be significantly fainter than naked-eye estimates [ADA03] Mar ^ monocular continue 

tad in p.a. 305°; twilight [FOG], Mar. 21.06: w/ naked eve Llv til 5‘ V ^ refer f to tbe tail; 1°7 type-II 

moonlight) [SKI], Mar. 21.12: in 10x50 B, tails 12 ° in p a 352 o3 (ionl and . was se ®“ f ° r . J (being bright despite the 
(3 days from full moon) the gas tail was clearly seen (GR.A041 m! ( d “, st ) ; des P ite the moonlight 

m p.a. 336° (dust); moonlight [GRA041 Mar 22 14 s KtIv r iJf " j \ 10x50 B - taU 6 ° in P- a - 354° (ion) , 6 ° 

328°); strong cond., clearly yellowish in color fBOUl. Mar ' Span *?t 3 .18°-340° (longest 11 ° in p.a. 

a little more intense, stretching over 12° in length [SPRl Mar 22 (ll^central mo ° nb g bt >' in 7x50 B, the S dust tail is 
moon and clouds interfered, ion tail not visible fzNOl Mar 2 ^ 88 w/ ?? C °° d -,° f ^f 03 [KAMOl]. Mar. 22.82: 
faint; comet first detected at w/ sun at alt. - 3 ^; in 7 XWB ta ik Pg£l\ S“f. ? M 3< « t*“)i gas tail was 
Mar. 22.91: w/ 10.2-cm //15 R (60x), three arcs (hoods) w^eseen S’n (g 3 f ); clearly seen for 5 ° [SKI], 

outward from the nucleus; the next one was fainter but clearlv visible wkM iT” 08 * Wa ® bngbt and resem bled a spiral 
averted vision); the distance between the “cs were clearly If ^ °^°t^ faint and best w/ 
B, tails 5° in p.a. 355° (ion) and 5 ° in p.a. ?42° (LS Mar. 23.00: w/ 10x50 

23.16: ion tail 6 ° [KYSJ. Mar. 23.74- w/ 7x50 B dust t Jl ^ ght ^ GR £otH Mar ‘ 23J5: ion tai I 6 ° [KYS1. Mar. 

p-a. 320° [ZNO]. Mar. 24.18: moon partially ec^ P ‘ a j 3 ? 3 f VEL03 ]- Mar. 23.77: dust tail 7 ° in 

dustTT and h&Zy f “ 10x50 Bl tails 5 ° in P a - 7 ( ioa ) and' 6 ° in p ^45°^) ^fGRJdUl^M W/ oh ft Iiake ? eye; 
dust tail was seen (easily seen for 4°); full moon and thin clouds [SKI], ? ™ (d ^ l GRA04 ]- Mar - 24.86: only the 

nucleus, spanning p.a. 3 ~ C ?00°-320 o ! four ho^ds^re teen hTl^ fS pr f eding side °n the pseudo- 

pa. 343;-350° [BAR06], Mar. 25.80: dust t5 TVlongV^l ^ > 6 ° lon S in 

clearly, due to full moon; the tail was curved; w/ 15 2-cm f / 8 L f80x'> W A r^' 0 Ma f 4 25 - 84: only dust tail seen 
at p.a. 170°-280° [THO031. Mar. 26 77- w/ 7x50 B Ln Vo , 3 ° COm \? G f 8 ’ three arcs seen SW of nucleus 

//8 L (80x), 30' cima, D<J = 8, thr « « SW rf at aTlKo? ^ w/ I5 ' 2 "== 

and seem to expand over a period of 1-2 hr) [THO031 Mar 26 8V w/ fk 28 u j they we . re a blt Wlder than yesterday 
gas) and 11° in p.a. ~ 335° (dust); the width of the L t5‘ incri “ d 7x50 B - taik 16 ° & P-a. 1° 

(zodiacal light is glaringly obvious); comparison basically w /aAur 3 OriT^ ^1"* 26-85: exceIlent conditions 
wasn’t used because^ color; to the naked eye, stmnS-cuTve? ftl 0 "' “ d Sinus ! the ««*t rivals Mars, but this 
near p. a . 5°; dust tail much brighter than gas tail [PEROll ^ 87^1/“ Spannm SP; a - 340°-350°; 10° gas tail 

14° in p a. 336° (dust); very impressive si|ht, obsifvTbefom m<^ t/ iox^l^lS ^ “ d 

dust tad was very bnght for 3°-4°; the gas tad was much weaker 5 ° B ’ 15 ( 10n i and 11 ( dus t); the 

there was a possible bend in the gas tail at ~ 4° from the head rGR A M ^ osPii' «° tbe Cyg ' Cas Milk y Way; 
were seen near the nucleus, the innermost arc clearly seen despite a turbulent m 93 L m f®’ 2 ' 01 ?// 15 R ( 6 0x), two arcs 
the arcs was comparable to the width of the arcs TSKIl Mar 97 dfi- ; , , m° s Pbere; the width of the area between 

27.14: slightly-curved dust tail spans p.a. 328°-346° (longest 9°5 iii « 7 °^ 1 ?°^ d i USt i tad 1 . ong ( CRE01 |- Mar. 

Mar. 27.16: w/ 20-cm T (101x-185xl the preen i«b.t;no«f 9 ' 5 in P >a - 337 ), head clearly yellowish in color IBOUI. 

from the comet’s SW side and curves around some llW ^^\hTfiTm P ** st . ructu " ° 73 h ° ods i one bood comes 
fainter hoods are very visible; the false nucleus and intent kj nucleus , Awards the solar vector; two other 

27.76: dust tail 11 ° long in p.a. 335° [BAR061 Mar 27 76- w°/ 7 I x50 e R ® comet l °° lt b ^ e f giant comma [SPR]. Mar. 
27.83- Apr. 18.80: iop W 1 >> long, d“t 3 > w MK 1 V«f » »■ 3 «” {veL03]. Mar. 

curved clockwise; also 10 ° ion tail; b 25.3-cm //5.6 L (240 x and 58xS St <° i® 7*’ 10 ° dust fan stro “gly 
possibly what was once the great fountain is now seen ii tL b^Wr^d .ffJ T'l*" ~ V ' 5 towards P- a - 290°; 

160°-270°; new thin hood is seen no more than n'l fnm tv, f 0Un< ^ hoods as a broad ~ 1 ' fan spanning p.a. 

new hood and the nucleus is also' very thin the two structures n bein US ’r S l!S ni wi? ^'*rM* 30 °" 2500 ’ tbe gap between this 
some ill-defined, weak bridge linfabg * T &t end : tbe 8econd b <>od has still 

from the nucleus; third hold ~ V from nucleu^ pans d f !lT d }°^ Spa f S p ‘ a ‘ 120°-305°, some 0(5 

along p.a. 320°, a sharp contrast is seen - the W coma btinfLS bri.^ defiaed toyf ^ SW-WNW; 

dark void no longer seen; all hoods are roughly parabolic-shaped now (P^ROI^M ^97 ao^’ of the DUcleus : 

dust tail 11 °; w/ 7 x 50 B, several streamer! were seen in C S thewJdlb^- ; 8 -,'' “ w/ l^ ed eye > ion tail 15 °. 

~ 2 ; the dust tail was broad and bright for ~ 70 . by now I can k ° * ^ ^ 10 ^ rom t ^ 3e hcad was 

Mar. 27 90: ■./ oa«d eyt , 1^1, 15 . p .». 50 13« “I" “ 18!8 '" W 

than 1-2 weeks ago; m 10x50 B, tails 13° (ion) and 10 ° (dust)- the comi Jf dust . tad was clearly more prominent 
I est. total mag ~ - 1.9 ( re f: Mars)” (GRA041 Mar 2 R nk- ^1* m “ clearly visible w 7 reversed 10x50 B, and 

20.3-cm // 10 f ( 123 x), comparison B 7 W^ ^ ^u 10 " 8 fCREOll. M«. 28.07: ./ 

type K 0 ) was redder; there was a ~ 120 °-wide sector (scanning p.a. ~ 160^280°) If bri!ht U m!S- 1 U ’ ^ ^ ( 2 * C- 
the false nucleus; m this sector there were at ]mc+ k ^ , , , , . * bright material originating from 

12 ° [KYS]. Mar. 28.80: ion tS 12° m l I 5 ° fHORn^f boods 0 s B e P ara ‘ ed by dark arcs [GRA04], Mar. 28.77: iln taU 
in p.a. 5° [PLS]. Mar.^ 2w5: ^Sst^ taU ^16° in^ ^p l ZNO^mI; 98 8 ^ ^ iV 01 * 06 ]' 28-81: ion tail 2 ^ 

p.a. 336° [BOUJ. Mar. 28.85, 30.84, and 31^5^' w/ naked eve ’ ?? :84: als ^A bgbt ! y " CUrving dust taU * lon g“t 12° in 

W/ oakcd eye, 878 tail m p.a. 10" [HAS02]. Mar. 28.89: „/ naked ?o£'3 15 .' i, p'.a^.'L^fadU* top 
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o Comet C/1995 Ol (Hale-Bopp) [text continued from page 91] => 

///_ // 13 °' *‘PJ- «° (fen) *Ad 350” (dust); gas tail was dearly split iu 

naked eye, ion tail 15°, dustbin-: = B ^?' 

were seen m the gas tail [SKI], Mar. 28.98: w/ 20 3-cm f/l T W ^ ?° met ; w/ 7x50 B, several streamers 

»f VE ^ 

^ViR 0 d 2l St M ail 20 oT (P A 02] - Mar ’ 29 - 86: ^ar. 29.85: tab. tail is 

, l“ u r R02 J- Mar. 29.96: w/ naked eve both the Hint a „,4 * •, P IZNOJ. Mar. 29.88: ion tail 12° in d a. 

in° U ^n c KI ^' 3013: 8 as tail not visible w/ naked eye- the shwl!” ***0/'^ Vu*’ co . Dditions not ideal due to thin 

10x50 B, gas tail 8° in p.a. 8°, dust tail 7° in d a 351°- rn’mef „ I WaS co . vered ^>y thin clouds, in morning twilight- w/ 

least T i 123x)l a br ? ght f0UQtain was seen on the preceding Tde IfthTfel^ 10 f 50 B [GRA ° 4 ^ Mar ' 30 15:’ Jf 

least three hoods were seen in this fountain [GRA041 Mar DUcIeus > s P a nning p.a. 180°-310°; at 

L78: w / 20x60 B large envelope as diffuse^ou^r coma ^ 20' In £f fSSlT ^ 30 78 a ° d 4* 

30.79: ion tail 6° [DVO . Mar. 30 80* w / 7*50 ft f 'i no? . L CHE °3j. Mar. 30.78: dust tail 15° [KYS1 Mar 
90-mm-f 1. // 2.8 lens + V “ P- a - 3330 [VEL03]. Mar. 30.80: phitometry w/ 

sec long [MIR] Mar. 30.83: “also slightly curving dust t3 ongesf 1?4 the ® cp - 316 recen % °nly 0.3-0.5 


™iw u ■ J i • • ou oo: 4180 si igatly curving dust tail Ion 

yellowish m color; m sunward direction, sort of knot attached t°n 7/““' T* 7? 10 -°- cm L U02x), strong cond 

visible brightest m sunward direction, the inner two rather sharDl^definL DeW /n,° d fornun g ? ); three concentril hoods 
i n dla 0 [BOU]. Mar. 30.85: dust tail 18° [KON06] Mar 30 86-^/ ^ tbe °. uter one very diffuse (some l'-l(5 
for 13°, directed toward p.a. 348° and 14° resDectivelv 'hL;!: L ‘ ’ 5ye > both the dus ‘ “d ion tail were seen 

J5jJ d ^ 35 ,f >., 10 ° ion taiI in P- a - 14°; “for all ofiny obs ’in Mar fhe^ C !° U £ ; w/ ^ 0x5 ° B - H° dust tail 

[CR AnJ iur the clearly visible w/ reversed 10x50 B at total 2 ma<7 ”1^“ - t0 w nearly ' ste H ar central cond. 

30.97: dust tail 13° in p.a. 330° [HOR021 Mar 30 Q7- A 48 a com Panson object” 

naked eye, tails 15° (gas) and 12° (dust); w/ 7x50 B two sSeamerl e^ 15 “ P ; a ‘ 335 ° f PLS l- Mar. 31.00: w / 

YxsTBth* 3 SCCn / 0r ~ 2 ° w/i* dust tail Cither streamer w« curved 3 Se^h^ If* ° f gas ‘ ail - a b ^ght 

7x50 B, the comet was as bright as Mars; w/ 10.2-cm f/15 R (84 x) thr~h!°^ d the E edge of tbls tail )i in reversed 
nucleus — the innermost started near the nucleus and fomLd in * * j h . oods , were seen on the SW side of the false 
bright « ,pu„^ 120 . - m p . a ., WM1 ; a, “t«™“t ^ T*\ ( ‘h D ”? °” *** f “‘" foraSl 

31.07. plasma Uni 7° long in p.a. 9°- an ~ 7° dust tail w i m< r« e r\^ ar ?^ defined on its inner side) [SKIl Mar 
[HOR02], Mar. 31.795: w/ naked eye’ lt°4 tail in f a n° rR [A , D , A03 ^ Mar - 31-79: dust tail 12° in p a 330° 
//15 R (MX), art. bright arcs .«««„(“ w» briL^T d ”f‘ ^ |KYS 1' ““■««= V 102 L 

evening, the next onejvas nearly as bright while the outermost 8 r** f 11 ^ closer to the nucleus than on the preceding 

Tom 2 “?• ^ ghtly leM * tan b M st ?,^ ily r n i the 

0°5- t/V)Sl B y dlrected \° p - a - 350 °); ion ta il fainter than on Mar S ^‘but“dJid2iv W / Cye ’ CUrVed dust tail 

.5, w/ 9x63 B, very complex coma, which can roughly be divided into i dddy b ' oad ” : central cond. of mag 

^r^ dCr i ly t bngbter ?® ori bom which the dust tail ema^t« rwhicF a «in~ V*®™ dl f e 1 cted towa rds the io? 
(fin \ ^8®)! and a diffuse-looking region immediately to the F nf *Via f^'r 1 18 j 0nu ^ a ^ e ^ V the dust streamer 

the fake nucleus still showed the comma-shaDed iet • xT^xr ^ he trailing edge of the dust tail; w/ 20-cm T 

Ki MC1 - 31M: ■Mxhtlv y ” W the tom, of 

•t, Cm u L( ? 8x ’ “ 5x )> new hood forming at end of s^SKward TJ f r ° ng COnd ' w / clear yellow color; w/ 

d'ff b \ bn j htCSt m sunw ard direction, the outer one being very diffuse^/t* 1 2 ° f n , UC K US| tbree more concentric hoods 
tiiffiise hoods suspected, but this may have been an illusion” [BOUl^Mar ?i °J l°° d 8eeing ’ several m <>re very 

and 16 ° m p a. 358° (dust); w/ 10x50 B, tails l“ in p a 16° fioi^d ^ w/ Dakad eye ,- tails 14 ° in P-a. 16° (ion) 
the mn tail forxmng its W and E boundaries; a diffuse streamer was seen StS!** ? two stream «rs visible in 

appeared brighter than Mars in reversed 10x 50 B the dust tad ! thc comet was easily seen and 

dust tail) [GRA04J. Mar. 31.86: w/”Sed eye! bS app «ently includes SSrfSj 
lengths as w/ the naked eye; the width of the dust tail iSLdiS 5Jl S* 14 °*‘ w / 7x5 0 1 ^ tail 

central cond.; in the dust tail, there was a bright streamer tW 2 j‘ r tbc gas ^ was 2° wide at ~ 7° from the 

d f l ned ’ much “ore diffuse on its other sTd^setw JTeSem IT * he E *** ° f the 

199V L ilr t r, tad w r straight “ d more sharpiy were seen * tbe 

(extension to ~ 10° wu ^spectedj^in p\ ^ mdn^dust^f °^‘ 1-14: plasma tail f «nt, but also traced to 8° 

B there is .a distinctly-curv^ P-a. 33 8 °-355° [ADA03] Apr. l.l^w/ Jli 

structure m the main dust tail, w/ a bright narrow middle ,„*■ P- a - _34 , plasma tail much fainter; hints of ‘veiled 
dust tail 15° [KYS]. Apr. 1.80: dust tail 10° in p a 330° THORO^ 11 ? urvi “ g ® ut wards from the coma [SPR], Apr. 1 79- 

“ “ » - 350- (SAR02). Apr 1.,u£m J ffl^pr ^ -7^ ^ 12 ° dS 

1.833: w/ naked eye, 15°7 tail in p.a. 17° iHAqftSl Arxt i s7 , J ' ,. p f; 1 - 82: dust tad 12° m p.a. 335° [ZNOl. Aor 
nearly-stellar cond., yellowish in color [BOU1 Apr 1 84- w/ nalrJd° sllgbt y c dust fail, longest 15° in p.a. 340°- 

.hr NE [KAM011. Ap7 ^ t 

detect than on the previous evening; w/ reversed 7x50 B P w a i 7* C portlon of the gas tail was slightly easier to 

seen in 7x50 B when first detected w/solar alt -2°7 fsKB Aor 1 88 w / Mars); the comet was easily 

.( pruj. Apr. 1.88: w/ naked eye, tails each 14° long in p.a. 18° 
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Below: drawings of comet C/1995 Ol by Margareta Westlund (Uppsala, Sweden), as seen through 7x35 
B. At left is the view on 1997 Apr. 1.09; at right is the view on Apr. 4.89. 
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O Comet C/1995 01 (Hale-Bopp) [text continued from page 93] — ^ 

(ion) and 0° (dust); in 10x50 B, tails 14° in p.a. 22° (ion) and 13° in n * K° ia *\ , 

m the ion and dust tails rGRA04l. Aor 2 0-2 1- from i dnivv •* ,P. 6 ^H 84 )' severaI streamers were seen both 
Bond’s drawings of nmwt fVifine t i fr\ m.:\ ’ / . , ," s . ^ Sl4 *» 4 ^ 1S comet looks to the naked eve verv m'milar 



^ , -ouapea comet; tne ion tail has contnrWakl. ™^j+i, co lnQ , — a w wiwui<uae upper 

(+44°), the comet was observed for some 4 hr (and for more than 3 hTin a dart°T 4t * co °? et ’ s at our latitude 
one must get to a really dark skv (awav from a^fiVLii, , w hr m a dark sky after the end of twilight); again 

w / Andy Chaikin, observing near West Rumney NH at the tr ? C splendor of tlds comet [GRE* 

ion and dust tails 18° and 11° long [C^OlTSr^ 2 08 ? JnS NatioflaI Forest ]- Apr - 2-06: 

quite stellar (its sise was not more than 3"-4" combed w /^k \ ^j 3 *^' thc falsc nucleus was small, but not 

enhandaed brightne. SW of the nucleus (p.a ~T 6 o””oo^ V"?* th “ e ™ * «*•“ «f 

head was much more evenly illumated than in Feb. (GRAMl Aor 2 1ft- 4 / oft! b y * ere seen > tile comet’s 

ft™ ,l Ti * "T‘“ “ raclut ' of 3 kood.; one hood^V,^ cLtf . S W ej. ( ‘°i * >' J***""-*^ 

from the false-nucleus towards the solar vector- two other fainter wJl bW “ de , “ d curves around some 100°+ 

mner hood make the comet look like a £* con£a or the false nudeus “ d intense 
(65*). bright inner come of die. ll-'tSlSS fS ^' Apr ' 2 ' 78: »/ »<= J/15 R 

coma; curved dust tail in p.a. 330°-350° gas tail has^Aam 4*™ It ° feet w / r “ p “ 4 to geometric center of the outer 

K ron^ya: fc 1;1°: « ^ 

ojre, 14» and 20“ curved duet tail in p.a. 350“ (SAR02). Apr”.70: ion'tal??" \kON 06] .X" 83“£>n S] 
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Apr. 3.85: also slightly curving dust tail (longest 15° in p.a. 350°); strong, nearly-stellar cond., yellow in color [BOU1. 
Apr. 3.86: w/ naked eye, 9° tail in p.a. 22° [SHA02]. Apr. 4.18: w/ 7x50 B, the tail is a complex fabric of material 
(brighter up the middle section, but w/ a ‘hook’ or twist part way, giving the comet a ‘tadpole’ effect); the faint plasma 
tail extends for 8° whilst the dust tail can be traced well over 17° [SPR]. Apr. 4.83: w/ naked eye, 1210 tail in p.a. 
348° and 1215 tail in p.a. 28° [HAS02], Apr. 4.85: tab. tail is ion; also dust tail ~ 9° long [PAL02], Apr. 4.86: to the 
naked eye, excellent conditions (the zodiacal light is strikingly conspicuous); dust fan at least 12° long, centered near 
p.a. 0°; ion tail at least 8° long, near p.a. 35°; in 9x34 B, two parabolic streamers flowing from the nucleus, symmetric 
to the ion-tail axis; broad dust fan curving clockwise, significantly sharper at the leading edge, the trailing edge being 
ill-defined; in 25.3-cm // 5.6 L (240 x), non-stellar nucleus; first hood appears as a spiral arm, leaving the nucleus as a 
narrow fountain towards p.a. 270°, then strongly curving clockwise ~ 21" from the nucleus, going through the sunward 
coma until p.a. 155°; the second hood also originates from the same narrow westward fountain, then strongly curving 
clockwise some 36" from the nucleus; it was possible to trace the second hood through the sunward coma until p.a, 155°- 
hint of a weak new hood being formed as a narrow 9" spiral arm touching the nucleus nearly S, but directed along ESE- 
at 58 x, new hood is clearly seen, as well as four more hoods, the first two spanning p.a. 155°-270°; thir d hood spans 
p.a. 170°-270°; fourth hood as a short arc towards the SW — not concentric w/ the three inner hoods (i.e., more li n e a r 
not-so-strongly curving clockwise); parabolic coma w/ axis near p.a. 30°-35°; dust tail is seen w/ the trailing edge alone 
NNW [PER01]. Apr. 4.87: dust tail 18° in p.a. 345° [ZNOJ. * 

Apr. 5.19: w/ 7x50 B, the faint plasma tail extends for 10° whilst the dust tail can be traced for 15° [SPR1. Apr. 
5.79: w/ 5-cm R (20 x), m 2 = 2.6 [BAR06]. Apr. 6.79: tab. tail refers to type-I tail; type-II tail in p.a. 25° [FOG]. Apr. 
6.84: w/ naked eye, curved dust tail 14° long (initially directed toward p.a. 5°); weak, broad ion tail; central cond. of 
mag 0.8; w/ 9x63 B, very complex coma of dia. 25' and DC = S8/; highly structured ion tail, dominated by several 
streamers, the brightest one at the leading edge; w/ 20-cm T (80 x), false nucleus nearly at the apex of the paraboloid 
coma; three envelopes, more diffuse than six days ago; bright streamer easily visible as a conspicuous streak emanating 
from the brighter parts of the coma [KAM01]. Apr. 6.84: ion tail 5° [LIB]. Apr. 6.84: also slightly curving dust tail, 
longest 19° in p.a. 348°; strong, nearly-stellar cond., yellowish in color [BOU]. ( text continued on next page) 

o o o 

Below: drawings of comet C/1995 Ol by At tila Kosa-Kiss via 7x50 B, showing how the ion tail shortened 
and faded rapidly in April. At left, 1997 Apr. 8.81; at right, Apr. 13.80 UT. 
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p.a. 345° [ZNO]. Apr. 7.82: 1* ion ^ [KONOfl Xr 7^/^ ? = 8 ^02] Apr. 7.82: 21° tost Wfa 

toward pa. 5“); weak, broad ion tail, which eou/d not kllLJ beyondThi ^ ^“thouih'fb^'v 5 ' ' W ' d 

S', S rr° 7" 5 '. 3 o“ d the !0di “ al Hfb* well visible; central cor' °{ Q 6 JS B “ 

08/ , highly-structured ion tail, streamers not as dominating as the night hef«r«. *k ’* r a • ”’ .? coma i DC = 
coma looked like a DE (of the leading part) fKAMOll ADr 6 7 84- w/ n*hJT f ’co^f ^ ° f tte I0 r n tai1 very near tte 
also slightly curving dust tail, longesf 20° in p.a. 349° [BOU^Apr 7 88^16°dmt 6 1 “ P ‘ a ,- 2 ®° r §^ 02 ]- A P r - 7 -85: 

ion and dust tails 8° and 12° long [CREOll. Apr 8 77- w/ naked eve LI t \ m - Pa ' H^P 0 ? 02 - * A P r ' 8-06: 

Sonm 5' 80i 6§ , °° «« ip7- 8 ^i^d2rttirL t ^?s5» , iys^i VsirT6? 1 S 0 s x) -i 

[KON06J. Apr. 8.85: 17° dust tail m d a 350° fZTVOl A nr r ca. ~/ « * j , l n l; . Z J* A P r * o.o3. 16 ion tail 
P-»- 30°[HAS02]. Apr. 8.90: tab. tail k ion; I® ~ 12 ° ?' a ; 34 ?,°. and 11 n ' 1 r taiI “ 
Apr. 9.89: w/ naked eye, 5° tail in p.a. 32° [SHA02]. ® ' pr ' dust tad m P- a - 0 [HYN]. 



9x34 B, hint of ‘lobes’ in the° dust tdl^ in recent two ed / e some 2 °-3° from the head; in 
arc slightly curved clockwise* in 25.3-cm f/5 6 L (940* 'i efAu’ 1 C leading edge and the diffuse trailing edge 

hood appears as a 'cumulonimbus anvil’ fan spanning p a 130°^250° U \^outCT wlTT ^ t °T ards newly ' formed 
then strongly curving clockwise reaching an average distant. Jb"! ’ ilf outar “*8^ leaving the nucleus towards W, 
towards the W, then stronriy bendf cloc ^ ** thc sccond hood leaves the nucleus 

third hood not’ clearly linked to ?he nucl^Tbut %** T**l ** ~ 19 " from the ™ d *us; 
until S (the outer edge reaching ~ 31" from the nucleus)- at 58 x both *ed!^es theD st . r .°° g j y bending clockwise 

‘anvil-shaped* hood gives the impression of having a faint extension clockwisc i thc new 

edge towards W is involved in diffuseness; seconded sp^Ti 13?° ^60° IS h„l ° f hood ’ s 

weaker hood spans p.a. 185°-250°; parabolic-shaped, w^Tpwnouiced dirk Sd 155 -260°;a fourth, 

pnrt of the coma is now clearly brighter than the trailing part [PEROll d d f he nudeus; the lead “g 

pr. 15.85. 9 ion [KON06], Apr. 15.85: w/ naked eye, 6° tail in pa 45° rSHA02l a nr 17 oe r i 
estimate made w/ different pairs of comparison stars than 10x50 B estimate fGlil Ad! 17 ~ 85 L A K’ji 7 * 8 */ njdcad * eye 
, COnd ‘ of ”^8 1-1 and 1.2; strong moonlight [KAMOll Apr 19 89-29 89- rnm^'r!.!' 85 . d 21- * 85: W J J? aked eye > 
[DESOiJ Apr 20.82: estimates employed CapeUa aid Proc^ 0ri . “ 

used (a Lyi) had the same zenith distance as the comet [GLI1 Apr 24 19- w/ 7v5ft R th ^ 011 y com P- star 

and distinctly-curved dust tail some 8°+ in length KPRl A nr 0 4 fii L , 0 B> , tIle comet shows a very broad 

27 21- w/ 7ysn n °™ . 0 + l P len 8 ta PFRJ. Apr. 24.81: ion tail > 5° long, dust tail > 6° long rMTKl An. 

4C.41. w/ 7x50 B, the plasma tail is much more evident than in recent davs- the H,.*t t»l e u „ ^ j- f? g t A P r - 

structure to it [SPR], Apr. 28.87: comparison stars a Aur, a CMi 3 Gem andVvS {pFRmT a 

eye, 10 dust tail and 16° ion tail; m 2 = 1.3 [MIL02], Apr. 30.78: 12° ion tkil, 8° dust tbl [MIL02f Pr ' W/ ° 

m C (Mx). «. DC = 7/ [NAG04f Apr. ^.’Ir 

S; ISSUiSu’iKSS » 8 L .(«*). ”>£ = IT 9.5 (MM = 

0cl ' 2 ' 88: ’ / 20 ^ m//8 L (38 ">’ = 10-^bL^kw Apt*M 

23.53; ‘S 181 l0 " 8 fa P -*' 29 °° ‘ NAGM J- ««• 

p^^sssass 

expected, m the direction of the tail- tail’s structure an^ ,y4e;v.:i-A mag 1 j D an . dla - 3 • coma was asymmetrical, as 

mad, i„ v, a. JSLm 1^prSS^^ 0 ?r^l; b “ w Hs» 

of dia. 4" and mag 15.0 (ROQ]. Mar. 27.14; cnttal cond. of dia. 2 , ' S and map 13 7~IM1 IhSSi ?*“• ji 0 :? 01 “»d. 

— a tapermg inner “core” extending 40" at p.a. 108° which was immersed ini* • ♦ * distmct components 

almost 100" at p.a. 104° [ROQ], Mar. 30.13: central co’nd of dia. ~ 2" andla“ l/S'sK noTZf ‘ 

its mam, diffuse body such as was evident three days previously [ROQ] A^13 15- SntTa^d nf ^ ^^j W/ “ 

15.1; image processing showed no sub-structure w/in the coma or tail [ROQ]* 3 5 ' ™ d ' ° f dla ‘ 3 and mag 
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TABULATED DATA 

. The headings for the tabulated data are as follows:. “DATE (UT)” = Date and time to hundredths of a day in 
Universal Time; N . notes [ — correction to observation published in earlier issue of the ICQ] an exclamation mark 
(0 in this same location indicates that the observer has corrected his estimate in some manner for atmospheric extinction 
(prior to September 1992, this was the standard symbol for noting extinction correction, but following publication of 
the extinction paper July 1992 ICQ this symbol is only to be used to denote corrections made using procedures 
different from that outlined by Green 1992, ICQ 14, 55-59, and in Appendix E of the ICQ Guide to Observing Comets 
— and then only for situations where the observed comet is at altitud- > 10 °); = comet observed at altitude 20 ° 

or less with no atmospheric extinction correction applied; = comet observed at altitude 10 ° or lower, observations 
corrected by the observer using procedure of Green (ibid.)] for a correction applied by the observer using Tables la lb 
or Ic of Green (ibid.), the letters ‘a’, ‘w’, or ‘s’, respectively, should be used]. ’ ’ 

“MM” = the method employed for estimating the total (visual) magnitude; see article on page 186 of the Oct 1996 
issue [B = VBM method, M = Morris method, S = VSS or In-Out method, I = in-focus, C = unfiltered CCD c = 
same as^‘C’, but for ‘nuclear’ magnitudes, V = electronic observations — usually CCD — with Johnson V filter, 'efc.l. 
“MAG.” = total (visual) magnitude estimate; a colon indicates that the observation is only approximate, due to bad 
weather conditions, etc.; a left bracket ([) indicates that the comet was not seen, with an estimated limiting magnitude 
given (if the comet IS seen, and it is simply estimated to be fainter than a certain magnitude, a “greater-than” sign (>) 
must be used, not a bracket). “RF” = reference for total magnitude estimates (see pages 98-100 of the October 1992 
issue, and Appendix C of the ICQ Guide to Observing Comets, for all of the 1 - and 2-letter codes). “AP.” = aperture 
in centimeters of the instrument used for the observations, usually given to tenths. “T” = type of instrument used for 
the observation (R = refractor, L = Newtonian reflector, B = binoculars, C = Cassegrain reflector, A = camera T = 
Schmidt-Cassegrain reflector, S = Schmidt-Newtonian reflector, E = naked eye, etc.). “F/" and “PWR" are the’ focal 
ratio and power or magnification, respectively, of the instrument used for the observation — given to nearest whole 
integer (round even); note that for CCD observations, in place of magnification is given the exposure time in seconds 
(see page 11 of the January 1997 issue). 

COMA = estimated coma diameter in minutes of arc; an ampersand (ic) indicates an approximate estimate; an 
exclamation mark (!) precedes a coma diameter when the comet was not seen (i.e., was too faint) and where a limiting 
magnitude estimate is provided based on an “assumed” coma diameter (a default size of 1 ' or 30" is recommended; cf. 
ICQ 9, 100); a plus mark (+ ) precedes a coma diameter when a diaphragm was used electronically, thereby specifying 
the diaphragm size (i.e., the coma is almost always larger than such a specified diaphragm size). “DC” = degree of 
condensation on a scale where 9 = stellar and 0 = diffuse (preceded by lower- and upper-case letters S and D to indicate 
the presence of stellar and disklike central condensations; cf. July 1995 issue, p. 90); a slash (/) indicates a value midway 
between the given number and the next-higher integer. “TAIL” = estimated tail length in degrees, to 0.01 degree if 
appropriate; again, an ampersand indicates a rough estimate. Lower-case letters between the tail length and the p a 
indicate that the tail was measured in aremin (“m”) or arcsec (V), in which cases the decimal point is shifted one 
column to the right. “PA” = estimated measured position angle of the tail to nearest whole integer in degrees (north = 
0°, east = 90°). “OBS” = the observer who made the observation (given as a 3-letter, 2 -digit code). 

A complete list of the Keys to abbrevations used in the ICQ is available from the Editor for $4.00 postpaid (available 
free of charge via e-mail); these Keys are also now available in the new Guide to Observing Comets and via the ICQ'b 
World Wide Web site. Please note that data in archival form, and thus the data to be sent in machine-readable form, 
use a format that is different from that of the Tabulated data in the printed pages of the ICQ; see pages 59-61 of the July 
1992 issue, p. 10 of the January 1995 issue, and p. 100 of the April 1996 issue for further information [note correction 
on page 140 of the October 1993 issue]. Further guidelines concerning reporting of data may be found on pages 59-60 of 
the April 1993 issue, and in the ICQ Guide to Observing Comets. 

o o o 


Key to observers with observations published in this issue, with 2-digit numbers between Observer Code 
and Observer’s Name indicating source [07 = Comet Section, British Astronomical Assn.; 16 = Japanese observers (c/o 
Ahimasa Nakamura, Kuma, Japan); 23 = Czech group (c/o P. Pravec and V. Znojil); 32 = Hungarian group (c/o K. 
Sameczky); 37 — Ukrainian Comet Section (c/o A. R. Baransky and K. I. Churyumov); 42 — Belarus observers, c/o V. 
S. Nevski, Vitebsk; 43 = Slovenian observers, c/o Herman Mikuz, Ljubljana; etc.]. Those with asterisks (*) preceding 
the 5-character code are new additions to the Observer Key: 


ADA03 


Brian Adams , IA , U . S . A . 

BOR04 

37 

AND 03 

17 

Kras i. mi r Andreev, Bulgaria 

B0R05 

34 

ANZ 


Fabio Anzellini, Italy 

BOU 


♦APE 

07 

Cornel Apetroaei, Romania 

BRL 

12 

BAK01 

32 

Gaspar Bakos, Budapest, Hungary 

♦BR006 


BAN 

18 

Jaroslav Bandurowski, Poland 

BRU 

42 

BAR 


Sandro Baroni, Italy 

BUS04 

32 

BAR06 37 

Alexandr R. Baransky, Ukraine 

CAN04 


BEA 

07 

Sally Beaumont, Cumbria, Engl and 

♦CHA02 

34 

BIV 


Nicolas Biver, France 

CHE03 

33 

B0JO1 34 

Eva Bojurova, Bulgaria 

CH001 

18 

♦B0NO1 

37 

Anton Bondarenko, Ukraine 

♦CHR 

18 


Sergiy A. Borysehko, Ukraine 
Galm Borisov, Bulgaria 
Reinder J. Bouma, Netherlands 
Pal Brlas , Budapest , Hungary 
Iavier Bros, Barcelona TSpain 
Ivan S. Brukhanov, Belarus 
Sandor Busa, Hungary 
P. Candy, Viterbo, Italy 
Neofit Chanev, Bulgaria 
Kazimieras T. Cemis, Lithuania 
Franciszek Chodorowski, Poland 
Antoni Chrapek, Pikulice, Poland 
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CHU 
*CHV 
CNO 
C0002 
CREOl 
CSU 
DAH 
DAM 
DER 
DESOl 
DIE02 
DINOl 07 
*DOB 
DOH 


37 

18 


32 

24 

36 

18 


32 

07 


♦DRA02 18 


DVO 

ELT 

ENT 

FAJ 

♦FIA 


23 

07 
18 

FIL04 ll 
FIL05 37 
♦FIL06 34 
FOG 

♦FRE01 45 
FDK01 16 
♦FUK02 16 
♦GEN 34 
♦GEN01 34 
GER01 37 
GIL01 11 
GLI 

GOL 19 
*G0L02 07 
'G0N05 
GRA04 24 
GRA07 34 
GRE 

GR004 18 
GOB 

HAL04 23 
HAN04 34 
HAR09 37 
HAS02 
BAS08 16 
EAV 


SEE 

SEN 

JOM 

JOR 


24 

07 

37 

12 


IOR02 23 


23 

34 


IYN 
:li 

:3H03 37 
TA03 37 
TAR01 18 
0R01 34 
1M01 
AT01 16 
ES01 
ID01 18 
IN 16 
IS02 32 
OBOl 16 
QJ01 34 
3N06 23 
IS 

3Z 37 


Klim Churyumov, Kiev, Ukraine 
V . V . Chvak , Ukraine 
Ryszard Cnota, Poland 

Cooper, South Africa 
Phillip J. Creed, OH, U.S.A. 
Matyas Csukas, Salonta, Romania 
Haakon Dahle , Norway 
Matteo Damiani, Italy 
Oskar Deren, Poland 

G ‘ j} 6 Souza Aguiar, Brazil 
Alfons Diepvens , Belgium 

E. L. D inham, Plymouth, England 
Szabolcs Dobra, Hungary 
Paul B. Doherty, England 
Michal Drahus, Krakow, Poland 
Denisa Dvorakova, Czech Repub. 
Maurizio Eltri, Italy 
L. Entwisle , England 
Tomasz Fajfer, Torun, Poland 
Karolina Fialova, Czech Republic 
Marcin Filipek, Poland 
Alexander V. Filatov, Ukraine 
Peter Filkov, Bulgaria 
Sergio Foglia, Italy 
Jose Rodriguez Freitas, Uruguay 
Hiromi Fukushina, Japan 
Hideo Fukushima, Japan 
Maria Genkova , Bulgaria 
Ivajlo Genov, Bulgaria 
0. N. Geraschenko, Ukraine 
G. Gilein, Netherlands 
Gunnar Glitscher, Germany 
Vladimir A. Golubev, Belarus 
Steven Goldsmith, Kent, U.K 
Juan -Jose Gonzalez, Spain 
Bjoem Haakon Granslo, Norway 
Ivan Gradinarov, Bulgaria 
Daniel V. E. Green, U.S.A. 
Jaroslaw Grolik, Poland 
Herbert Gubo, Germany 
Karel Halir, Czech Republic 
Hristo Handjijski, Bulgaria 
Sergiy V. Harchuk, Ukraine 

Hasubick, Ge rman y 
Juji Hashimoto, Hiroshima, Japan 
Roberto Haver, Italy 
Lars Trygve Keen, Norway 
Michael J. Hendrie, England 
Vasyl M. Homyak, Ukraine 
Tibor Horvath, Hungary 
Kamil Hornoch, Czechoslovakia 
Petr Hynek, Czech Republic 
Georgi Iliev , Bulgaria 
Andriy S. Ishchenko, Ukraine 
Vladimir Ivanov, Russia 
Marcin Jarski , Poland 
Ivajlo Jordanov, Bulgaria 
Andreas Kammerer, Ge rman y 
Taichi Kato, Kyoto, Japan 
Sandor Keszthelyi, Hungary 
Krzysztof Kida, Elblag, Poland 
Kazuo Kinoshita, Japan 
Laszlo Kiss, Szeged, Hungary 
Juro Kobayashi , Kumamoto, Japan 
Michail Kojchev, Bulgaria 
Jiri Konecny, Czech Republic 
Attila Kosa-Kiss, Romania 
Vladimir A. Kozlov, Ukraine 
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23 


KWI 
KYS 
LAN02 32 
LEH01 37 
♦LIB 
LOU 


23 

35 


LUK04 37 
MAI 37 
MAN01 37 
MAR02 13 
MAR12 18 
MAR 19 34 
MAR20 38 
MAT06 18 
MCK 07 
MEN03 07 
MET 28 
MIK 
MIL02 
MIY01 16 
MOE 

M0RO4 37 
M0SO3 37 
NAG02 16 
NAG04 16 
NAG08 16 
NAK01 16 
♦NAN02 
NAU 
NEV 
OHM 


37 

42 

16 


OKS 
OLE 
0ME 
PAL02 43 
PAR03 18 
♦PEN 
PER01 
PI001 18 
PLE01 18 
PLS 23 
POD 23 
P0P01 34 
P0R05 40 
RAD01 17 
RED 
RES 
R0D01 
R0G02 
ROM 
R0Q 
R0TO1 23 
♦SAL01 42 
SAN04 38 
SAN07 32 
SAR02 32 
♦SCH14 34 
SCI 
♦SCU 
SEA 
SEA01 
SER _ 
SHA02 07 
SHI 16 
SIW 18 
SIW01 18 


07 

18 


34 


37 

18 

13 

42 


07 

14 

14 

42 


. .o; . urupuav 

Maciej Kwinta, Krakow, Poland * 
J. Kysely, Czech Republic 
Zsolt Lantos, Budapest, Hungary 
Kostayntyn S. Lehman, Ukraine 
Jan Lxbich, Czech Republic 
Romualdo Lourencon, Brazil 
Igor Lukyanyk, Ukraine 
Alexander S. Maidic, Ukraine 
Vladimir Man } ko , Ukraine 
Jose Carvajal Martinez, Spain 
Leszek Marcinek, Poland 
Alexander Marinov , Bulgaria 
Fernando Martin, Madrid, Spain 
Leslaw Materniak, Poland 
Richard McKim, England 
Haldun I. Menali, Turkey 
Maik Meyer, Germany 
Herman Mikuz , Slovenia 
Giannantonio Milani , Italy 
Osamu Miyazaki, Japan 
Michael Moeller, Ge rman y 
Vladimir G. Moimyl, Ukraine 
^ ' Moskalenko , Ukraine 
Takashi Nagata, Akashi, Japan 
Kazuro Nagashima, Japan 
Yoshimi Nagai, Matsumoto, Japan 
Akunasa Nakamura, Kuma, Japan 
Kouji Naniwada, Tokyo, Japan 
Alexandr V. Naumov, Ukraine 
Vitali S. Nevski, Belarus 
nwini; ic ^™ illiko Dhmori, Japan 

!K 06 £ °S> Tok Y°. Wan 

Gabriel Oksa, Slovak Republic 
Arkadiusz Olech, Poland 
Stephen O’Meara, MA, U.S.A. 

Rok Palcic, Kamnik, Slovenia 
Mieczyslaw L. Paradowski, Poland 
Swetlana Peneva, Bulgaria 
Alfredo J. S. Pereira, Portugal 
Maxek Piotrowski, Poland 
Janusz Pleszka, Poland 
Martin Plsek, Czech Republic 
M. Podzorny, Czech Republic 
Kostadin Popanastasov, Bulgaria 
Joao Porto, Azores Is., Portugal 
Veselka Radeva, Btilgaxia ^ 
Sergei Red’ko, Kiev, Ukraine 
Maciej Reszelski, Poland 
Diego Rodrignez, Spain 
John H. Rogers, England 
Aleksandr M. Romancev, Belarus 
Paul Roques, AZ, U.S.A. 

Michal Rottenborn, Czech Repub. 
Mihail Saltanov , Minsk, Belarus 
Juan M. San Juan, Madrid, Spain 
Gabor Santa, Hungary 
Krisztian Sarneczky, Hungary 
Vladislav Schiderov, Bulgaria 
Tomasz Sciezor, Poland 
Virgil V. Scurtu, Romania 
David A. J. Seargent, Australia 
John Seach, Australia 
Ivan M. Sergey, Belarus 
Jonathan D. Shanklin, England 
Hiroynki Shioi, Yachiyo, Japan 
Ryszard Siwiec, Poland * 

Michal Siwak, Tuchow, Poland 
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SKI 

24 

Oddleiv Skilbrei, Norway 

TSU02 

16 

♦SLI01 

37 

Bogdan V. Slipachok, Ukraine 

TUB 

12 

SMI08 

15 

T. Smith, Keetmanshoop, Namibia 

♦VALOl 

34 

SOC 

18 

Krzysztof Socha, Poland 

VAN06 


SPE01 

18 

Jerzy Speil, Poland 

♦VAS03 

34 

SPR 


Christopher E. Spratt, Canada 

VEL02 

17 

♦SRA 

32 

Marta Sragner, Pecs, Hungary 

VEL03 

37 

STO 


Enrico Stomeo, Italy 

VETOl 

r • 

_ J 

SWI 

18 

Mariusz Swietnicki, Poland 

VITOl 

40 

SZA 


Sandor Szabo, Sopron, Hungary 

♦WAL02 

07 

♦SZA05 

18 

Konrad Szaruga, Telatyn, Poland 

WAS 

16 

SZE02 

32 

Laszlo Szentasko, Hungary 

WLO 

18 

♦TAK06 

16 

Shin Takeda, Habikino, Japan 

YOS 

16 

TAM02 


Tony Tanti, Malta 

Y0S02 

16 

TAY 

07 

Melvyn D. Taylor, England 

YOS04 

16 

TH003 

24 

Steinar Thorvaldsen, Norway 

ZAN 


TOD 

16 

Hiroyuki Toda, Okayama, Japan 

♦ZEK 


♦TOL 

07 

Alin Tolea, Romania 

♦ZIF 

23 

♦TOY 

TRI 

16 

Takehiro Toyoshima, Japan 
Josep M. Trigo Rodriguez, Spain 

ZNO 

23 


Mitsunori Tsumura , Japan 
Vince Tuboly, Hungary 
Taschko Valchev, Bulgaria 
Gabriele Vanin, Italy 
Valcho Vasilev, Bulgaria 
Valentin Velkov, Bulgaria 
Peter Velestschuk, Ukraine 
Marie Vetrovcova, Czech Republic 
Catarina Vitorino, Portugal 
Richard Walters, Switzerland 
Shinsyo (Shinsho) Washi, Japan 
Robert Wlodarczyk, Poland 
Shigeru Yoshida, Japan 
Katsumi Yoshimoto, Japan 
Seiichi Yoshida, Ibaraki, Japan 
Mauro Vittorio Zanotta, Italy 
Hans Zekl, Einhausen, Germany 
Michal Zifcak, Czech Republic 
Vladimir Znojil, Czech Republic 
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Comet C/1992 FI (Tanaka-Machholz) 


DATE CUT) N 

MM 

MAG. 

RF 

AP. 

T 

F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1992 05 

03.03 

S 

8.5 

SC 

6.0 

R 

10 

30 

3 


0.04 


MAN01 

1992 05 

10.03 

S 

7.3 

SC 

6.0 

R 

10 

30 

3 




MAN01 

1992 05 

23.88 

s 

8.6 

SC 

6.0 

R 

10 

30 

3.5 




MAN01 

Comet C/1994 J2 

(Takamizawa) 










DATE (UT) T MM 

MAG. 

RF 

AP. 

T 

F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1996 12 

03.64 

c 

17.9 

GA 

60.0 

Y 

6 

a240 

0.35 




NAK01 

1997 01 

11.58 

c 

17.4 

GA 

60.0 

Y 

6 

a480 

0.75 




NAK01 

Comet C/1995 01 

(Hale-Bopp) 










DATE (UT) N 

MM 

MAG. 

RF 

AP. 

T 

F / 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1995 07 

28.94 

S 

10.3 

NP 

44.5 

L 

5 

100 

5 

5 



MAR02 

1995 07 

30.96 

S 

10.4 

NP 

44.5 

L 

5 

100 

4 

4 



MAR02 

1995 07 

30.96 

s 

10.5 

NP 

44.5 

L 

5 

100 

4 

4 



R0D01 

1996 04 

12.74 

B 

8.6 

S 

20.0 

C 

9 

90 

1.7 

3 



NAG04 

1996 04 

21.77 

B 

8.5: 

S 

20.0 

C 

9 

60 

2.5 

3 



NAG04 

1996 04 

27.76 

B 

8.3 

S 

20.0 

C 

9 

60 

2.1 

4 



NAG04 

1996 06 

16.76 

B 

7.1 

S 

3.5 

B 


7 





NAG04 

1996 06 

17.90 

S 

6.6 

S 

20 

L 

8 

83 


6 



C0002 

1996 06 

20.41 

S 

7.3 

AA 

21.0 

L 

6 

48 

3 

3 



KRY02 

1996 06 

21.09 

S 

7.0 

AA 

21.0 

L 

6 

48 

4 

4 



KRY02 

1996 06 

24.05 

S 

7.0 

AA 

21.0 

L 

6 

48 

4 

2 



KRY02 

1996 07 

05.80 

S 

6.5 

S 

20 

L 

8 

83 


5 



C0002 

1996 07 

14.90 

B 

6.0 

S 

15 

L 

9 

50 

15 

5 



SMI08 

1996 07 

15.83 

S 

6.3 

S 

20 

L 

8 

83 


5 



C0002 

1996 07 

19.96 

S 

6.3 

S 

10 

B 

4 

25 


9 



HAL04 

1996 07 

19.97 

s 

6.7 

TI 

10 

B 

4 

25 

10 




VETOl 

1996 07 

20.01 

B 

6.0 

S 

15 

L 

9 

50 

16 

5 



SMI08 

1996 07 

20.89 

S 

6.7 

TI 

10 

B 

4 

25 

10 

5 



VETOl 

1996 07 

20.91 

S 

6.3 

S 

10 

B 

4 

25 

6 

7 

0.13 

40 

HAL04 

1996 07 

21.87 

S 

6.3 

S 

10 

B 

4 

25 

6 

6 

0.13 

10 

HAL04 

1996 07 

22.88 

S 

6.2 

S 

10 

B 

4 

25 

6 

6 

0.13 

10 

IAL04 

1996 07 

22.89 

S 

6.1 

TI 

7.0 

B 

4 

10 

10 

5/ 



VETOl 

1996 08 

01.86 

S 

6.5 

S 

10 

B 

4 

25 

6 

7 



HAL04 

1996 08 

05.85 

S 

6.0 

S 

10 

B 

4 

25 

10 

7 

0.25 

10 

HAL04 

1996 08 

06.70 

S 

5.6 

S 

20 

L 

8 

83 

5.0 

6 



C0002 

1996 08 

08.86 

S 

6.8 

S 

10 

B 

4 

25 

12 

6 



HAL04 

1996 08 

08.87 

M 

5.6 

s 

15 

L 

9 

80 

18 

6 

1.0 

130 

SMI08 
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Comet C/1995 1 

01 (Hale-Bopp) 

[cont .] 



DATE (UT) 

N MM 

[ MAG. 

RF 

' AP. I 

1 F/ 

PWR 

1996 08 10.05 

S 

6.2 

! AA 

3.0 B 

8 

1996 08 10.85 

S 

5.5 

- TI 

10 B 

4 

25 

1996 08 13.81 

S 

5.4 

S 

20 L 

8 

83 

1996 08 13.87 

6 

5.5 

S 

15 L 

9 

80 

1996 08 15.86 

S 

6.8 

s 

10 B 

4 

25 

1996 08 17.83 

s 

6.5 

s 

10 B 

4 

25 

1996 08 18.87 

s 

6.3 

s 

10 B 

4 

25 

1996 08 19.85 

s 

6.2 

s 

10 B 

4 

25 

1996 08 20.58 




20.0 C 

9 

45 

1996 08 20.58 

B 

5.9 

AA 

7.0 B 


10 

1996 08 20.88 

S 

6.2 

S 

10 B 

4 

25 

1996 08 21.08 

S 

6.5 

AA 

21.0 L 

6 

48 

1996 08 24.08 

s 

6.2 

AA 

3.0 B 


8 

1996 08 29.81 

s 

6.6 

TI 

10 B 

4 

25 

1996 08 30.81 

s 

6.4 

TI 

10 B 

4 

25 

1996 08 31.82 

s 

5.0 

S 

5.0 B 


10 

1996 09 01.78 

s 

5.7 

AA 

5.0 B 


12 

1996 09 03.80 

s 

5.3 

S 

15 L 

9 

80 

1996 09 04.78 

M 

6.1 

AA 

7.0 B 

20 

1996 09 04.80 

S 

5.9 

AA 

5.0 B 


12 

1996 09 05.80 

S 

5.2 

S 

5.0 B 


10 

1996 09 06.05 

s 

6.4 

AA 

3.0 B 


8 

1996 09 06.78 

s 

5.7 

AA 

5.0 B 


12 

1996 09 06.96 

s 

6.3 

AA 

3.0 B 


8 

1996 09 07.09 

s 

6.0 

AA 

21.0 L 

6 

48 

1996 09 07.79 

M 

5.9 

AA 

5.0 B 


12 

1996 09 08.83 

s 

5.1 

AA 

0.0 E 


1 

1996 09 09.09 

s 

5.8 

AA 

21.0 L 

6 

48 

1996 09 13.80 

s 

5.3 

S 

15 L 

9 

80 

1996 09 14.77 

M 

6.0 

AA 

5.0 B 


12 

1996 09 14.77 

S 

5.5 

S 

5.0 B 


10 

1996 09 14.83 

~ s 

5.1 

AA 

0.0 E 


1 

1996 09 16.83 

s 

5.7 

SC 

15 R 

13 

40 

1996 09 17.80 

s 

5.6 

SC 

15 R 

13 

40 

1996 09 17.87 

s 

5.6 

S 

5.0 B 

10 

1996 09 19.80 

s 

5.3 

TI 

10 B 

4 

25 

1996 09 19.81 

s 

6.1 

TI 

10 B 

4 

25 

1996 09 29.75 

s 

5.6 

S 

5.0 B 


10 

1996 09 30.77 

M 

5.6 

AA 

5.0 B 


12 

1996 09 30.77 

S 

5.6 

S 

10 B 

4 

25 

1996 09 30.79 

s 

5.3 

TI 

10 B 

4 

25 

1996 09 30.80 

s 

5.7 

TI 

10 B 

4 

25 

1996 10 02.80 

s 

5.0: 

SC 

15 R : 

13 

80 

1996 10 03.77 

s 

5.2 

TI 

10 B 

4 

25 

1996 10 03.77 

s 

5.7 

TI 

10 B 

4 

25 

1996 10 05.76 

M 

5.7 

AA 

5.0 B 


12 

1996 10 05.95 

s 

6.0 

AA 

3.0 B 


8 

1996 10 06.77 

M 

5.6 

AA 

5.0 B 


12 

1996 10 06.97 

S 

5.9 

AA 

3.0 B 


8 

1996 10 07.75 

s 

5.2 

AA 

11 L 

7 

32 

1996 10 08.67 

s 

5.2 

AA 

11 L 

7 

32 

1996 10 08.77 

M 

5.5 

AA 

5.0 B 


12 

1996 10 09.66 

S 

5.1 

AA 

11.0 B 


20 

1996 10 10.67 

S 

5.2 

AA 

11 L 

7 

32 

1996 10 10.69 

S 

5.0 

AA 

3.0 R 

5 

6 

1996 10 11.66 

s 

5.1 

AA 

11 L 

7 

32 

1996 10 11.69 

s 

5.1 

AA 

3.0 R 

5 

6 

1996 10 11.69 

s 

5.1 

AA 

3.0 R 

s 

6 

1996 10 11.74 

s 

5.7 

TI 

10 B 

4 

25 

1996 10 11.75 

s 

5.2 

TI 

10 B 

4 

25 

1996 10 12.69 

s 

5.1 

AA 

11 L 

7 

32 

1996 10 13.66 

s 

5.0 

AA 

11 L 

7 

32 

1996 10 14.74 

s 

5.7 

TI 

10 B 

4 

25 

1996 10 14.80 

s 

5.2 

TI 

10 B 

4 

25 

1996 10 15.75 

s 

4.9 

S 

5.0 B 
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INTERNATIONAL COMET QUARTERLY 


COMA 

DC 

TAIL 

PA OBS. 




FRE01 

15 

7 


VET01 


5 


C0002 

18 

6 

1.2 

130 SMI08 

12 

6 


HAL 04 

15 



HAL04 

15 



HAL04 

19 



HAL04 

5 . 9 

8 

. 45 

m 115 NAG04 




NAG04 

20 



HAL04 

4 

4 


KRY02 




FRE01 

5.0 

5 


R0T01 

5.0 



ROTOl 


6 


C0002 


5 


TAN02 

11 

7 

2.0 

125 SMI08 

8 

6 


TAN02 

11 

5/ 


TAN02 


6 


C0002 




FRE01 

13 

5 


TAN02 




FRE01 


5 


KRY02 

15 

5/ 


TAN02 

12 



HAV 


7 


KRY02 

10 

7 

2.0 

130 SMI08 


5/ 


TAN02 


4 


C0002 




HAV 

2.5 

7 


HEN 

2.5 

7 


HEN 

12 



ENT 

12 

4 


VET01 

7.0 

5 


ROTOl 


4 


C0002 


6/ 


TAN02 

15 

4 

0.40 

70 HAL04 

10 


0.25 

VET01 

7 . 0 



ROTOl 

2 

6 


HEN 

10 

5 

0.33 

VET01 

9 . 0 



ROTOl 


5 


TAN02 




FRE01 


5/ 


TAN02 




FRE01 


4 


IVA03 


4 


IVA03 

22 

5/ 


TAN02 


5 


IVA03 


5 


IVA03 

8 

5 


IVA03 


5 


IVA03 

8 

5/ 


IVA03 

8 

5/ 


IVA03 

9.0 

5 


ROTOl 

12 

6 

0.37 

VET01 


5/ 


IVA03 


6 


IVA03 

.2 

5 


ROTOl 

.2 

5/ 

0.45 

VET01 


5 


C0002 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE 

CUT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1996 

10 

15.75 

S 

5.3: 

SC 

15 

R 

13 

40 

2 

6 

0.50 

50 

HEN 

1996 

10 

15.80 

S 

4.7: 

SC 

5.0 

B 


10 

20 

6 



MCK 

1996 

10 

15.80 

s 

5.8 

S 

5.0 

B 


10 





ENT 

1996 

10 

16.45 

B 

6.2 

AA 

7.0 

B 


10 





NAG04 

1996 

10 

16.75 

M 

5.4 

AA 

5.0 

B 


12 

17 

5/ 



TAN02 

1996 

10 

17.66 

S 

4.9 

AA 

11 

L 

7 

32 


6 



IVA03 

1996 

10 

19.74 

S 

5.4 

TI 

10 

B 

4 

25 

10 

5 



ROTOl 

1996 

10 

21.38 

s 

4.7 

AA 

5.0 

B 


10 

9 

2 



SEA01 

1996 

10 

23.76 

s 

6.9 

S 

10 

B 

4 

25 

7 

5 

0.40 

85 

HAL04 

1996 

10 

25.40 

s 

5.2 

AA 

5.0 

B 


10 

7 

4 

10 m 


SEA01 

1996 

10 

26.39 

s 

5.1 

AA 

5.0 

B 


10 

5 

3 



SEA01 

1996 

10 

27.71 

s 

4.8 

S 

5.0 

B 


10 


5 



COD02 

1996 

11 

01.75 

s 

4.7 

AA 

0.0 

E 


1 

12 




HAV 

1996 

11 

02.72 

s 

4.6 

S 

5.0 

B 


10 


4 



C0D02 

1996 

11 

04.41 

s 

5.8 

AA 

7.0 

B 


10 





NAG04 

1996 

11 

07.73 

M 

5.0 

AA 

5.0 

B 


12 

19 

6 



TAN02 

1996 

11 

09.41 

s 

4.7 

AA 

5.0 

B 


10 

6 

S6 

1.4 

80 

SEA01 

1996 

11 

11.63 

s 

4.6 

AA 

3.0 

R 

5 

6 

8 

6 



IVA03 

1996 

11 

11.63 

s 

4.6 

AA 

11 

L 

7 

32 


6 



IVA03 

1996 

11 

13.76 

s 

5.0: 

SC 

15 

R 

13 

100 

2 

6 



HEN 

1996 

11 

14.63 

s 

4.5 

AA 

11 

L 

7 

32 


6 



IVA03 

1996 

11 

14.64 

s 

4.5 

AA 

3.0 

R 

5 

6 

8 

6 



IVA03 

1996 

11 

15.63 

s 

4.5 

AA 

11 

L 

7 

32 


4 



IVA03 

1996 

11 

21.69 

s 

4.9 

TI 

10 

B 

4 

25 

20 

7 

0.42 

280 

ROTOl 

1996 

11 

22.63 

s 

4.4 

AA 

3.0 

R 

5 

6 

6 

5 

0.5 


IVA03 

1996 

11 

22.63 

s 

4.4 

AA 

11 

L 

7 

32 


4 



IVA03 

1996 

11 

22.69 

a M 

4.4 

S 

5.0 

B 


10 

15 

6/ 

1 

70 

HOR02 

1996 

11 

22.70 

a M 

3.9 

S 

0.0 

E 


1 

20 

4 



H0R02 

1996 

11 

24.72 

! S 

4.5 

AA 

5.0 

B 


10 

7.5 

6 



HAV 

1996 

11 

30.64 

S 

4.5 

AA 

11 

L 

7 

32 

7 

6 

0.47 


IVA03 

1996 

11 

30.72 

B 

4.6 

AA 

0.0 

E 


1 





VAN06 

1996 

11 

30.72 

~ M 

4.9 

AA 

5.0 

B 


10 

8 

5 

0.3 

80 

VAN06 

1996 

12 

01.63 

S 

4.4 

AA 

3.0 

R 

5 

6 

11 

6 

0.5 


IVA03 

1996 

12 

01.63 

S 

4.5 

AA 

11 

L 

7 

32 

7 

6 

0.47 


IVA03 

1996 

12 

01.70 

s 

4.5 

7 

10.0 

C 

10 

40 

10 

5 

0.5 

75 

HOR 

1996 

12 

01.72 

M 

4.8 

AA 

5.0 

B 


10 

8 

5 

0.5 

67 

VAN06 

1996 

12 

01.72 

! S 

4.1 

AA 

5.0 

B 


10 

9 

6 

0.4 

60 

HAV 

1996 

12 

01.73 

S 

4.0 

Y 

7.2 

R 

7 

20 

15 

4 

0.5 

24 

TUB 

1996 

12 

02.72 

B 

4.6 

AA 

0.0 

E 


1 





VAN06 

1996 

12 

02.72 

M 

4.8 

AA 

5.0 

B 


10 

6 

6 

0.4 

60 

VAN06 

1996 

12 

03.37 

B 

5.2 

AA 

7.0 

B 


10 





NAG04 

1996 

12 

03.40 




20.0 

C 

9 

45 

5.3 

7 

1.8 

42 

NAG04 

1996 

12 

04.63 

S 

4.4 

AA 

3.0 

R 

5 

6 

12 

6 

0.5 


IVA03 

1996 

12 

04.69 

S 

4.3 

S 

10 

B 

4 

25 

5 

6 

0.67 

55 

HAL04 

1996 

12 

04.70 

S 

4.7 

TI 

10 

B 

4 

25 

15 

7 

0.42 

280 

ROTOl 

1996 

12 

04.71 

S 

4.5 

Y 

10.0 

C 

10 

40 

10 

5 

0.5 

70 

HOR 

1996 

12 

04.73 

M 

4.7 

AA 

5.0 

B 


10 

6 

7 

0.5 

65 

VAN06 

1996 

12 

04.75 

S 

5.5: 

AA 

6.0 

B 


13 

2.5 

6 

0.50 

40 

HEN 

1996 

12 

04.76 

M 

4.4 

AA 

5.0 

B 


12 

21 

6 

2.4 

58 

TAN02 

1996 

12 

05.63 

S 

4.2 

AA 

3.0 

R 

5 

6 

12 

6 

0.5 


IVA03 

1996 

12 

05.72 

S 

5.0: 

AA 

15 

R 

13 

100 


7 



HEN 

1996 

12 

05.73 

S 

4.0 

AA 

5.0 

B 


8 

20 

6 

0.67 

30 

BEA 

1996 

12 

07.64 

S 

4.2 

AA 

3.0 

R 

5 

6 

12 

6 

0.5 


IVA03 

1996 

12 

07.72 

! S 

4.2 

AA 

8.0 

B 


20 

11 

7 

1.5 

50 

HAV 

1996 

12 

08.37 

B 

4.5: 

AA 

7.0 

B 


10 



>1 


NAG04 

1996 

12 

12.62 

S 

4.1 

AA 

3.0 

R 

5 

6 

12 

6 

0.6 


IVA03 

1996 

12 

13.73 

S 

4.7 

AA 

6.0 

B 


13 

3 

6 

>0.5 

50 

HEN 

1996 

12 

14.37 

B 

4.2 

AA 

7.0 

B 


10 





NAG04 

1996 

12 

14.62 

S 

4.1 

AA 

3.0 

R 

5 

6 

14 

6 

0.9 


IVA03 

1996 

12 

16.66 

B 

4.2 

AA 

5.0 

R 

5 

7 

8 

6 



KOZ 

1996 

12 

16.69 

S 

4.7 

AA 

3.0 

B 


8 

12 

S5 

5 

58 . 

CSU 

1996 

12 

20.60 

S 

3.9 

AA 

3.0 R 

5 

6 

14 

6 

0.9 


IVA03 

1996 

12 

26.67 

S 

3.7 

SC 

8.0 

B 


12 

14 

S5/ 

0.8 

13 

ISH03 

1996 

12 

27.66 

B 

4.6: 

AA 

5.0 

B 


7 


5 



HOM 

1996 

12 

28.66 

S 

3.6 

SC 

8.0 

B 


12 

14 

S5/ 

0.8 

10 

ISH03 



April 1997 


Comet C/1995 01 (Hale-Bopp) [cent.] 


DATE (UT) 

1996 12 28.67 
1996 12 28.69 
1996 12 28.70 

1996 12 30.68 

1997 01 06.69 
1997 01 07.14 
1997 01 07.26 
1997 01 08.14 
1997 01 08.21 
1997 01 09.88 
1997 01 10.87 
1997 01 12.14 
1997 01 12.21 
1997 01 12.21 
1997 01 12.88 
1997 01 13.14 
1997 01 13.21 
1997 01 14.21 
1997 01 14.21 
1997 01 14.21 
1997 01 14.22 
1997 01 14.23 
1997 01 14.25 
1997 01 14.28 
1997 01 16.20 
1997 01 16.21 
1997 01 16.23 
1997 01 16.28 
1997 01 16.87 
1997 01 17.14 
1997 01 17.20 
1997 01 17.21 
1997 01 17.22 
1997 01 18.20 
1997 01 18.20 
1997 01 18.84 
1997 01 19.20 
1997 01 19.28 
1997 01 19.88 
1997 01 20.20 
1997 01 20.86 
1997 01 20.86 
1997 01 21.20 
1997 01 21.25 
1997 01 21.25 
1997 01 21.25 
1997 01 22.22 
1997 01 22.26 
1997 01 22.27 
1997 01 22.84 
1997 01 23.15 
1997 01 23.15 
1997 01 23.16 
1997 01 23.16 
1997 01 23.19 
1997 01 23.19 
1997 01 24.25 
1997 01 24.84 
1997 01 24.87 
1997 01 25.16 
1997 01 25.16 
1997 01 25.17 
1997 01 25.19 
1997 01 25.19 
1997 01 25.19 


N MM 

MAG. RF 

AP. T 

F/ 

B 

4.7: AA 

5.0 B 


a 0 

4.4: Y 

5.0 B 


a S 

3.6 AA 

5.0 B 


a 0 

4.0: Y 

5.0 B 


a M 

3.2 S 

8.0 B 


B 

3.5 HD 

5.0 B 


S 

3.7 AA 

5.0 B 


B 

3.5 HD 

5.0 B 


M 

3.5 Y 

5.0 B 


S 

3.5: AA 

7.0 B 


S 

3.5: AA 

17.0 L 

5 

B 

3.4 HD 

5.0 B 




5.0 B 


M 

3.0 AA 

3.6 B 


s 

3.3 AA 

17.0 L 

5 

B 

3.4 HD 

5.0 B 


B 

2.7 AA 

0.0 E 




8.0 B 


B 

2.7 AA 

0.0 E 


w B 

2.7 AA 

0.0 E 



8.0 B 


S 2.7 

S 

10 B 

a S 2.9 

SC 

5.0 B 

S 3.1 

AA 

5.0 B 

a M 2.8 

AA 

5.0 B 

a M 2.9 

S 

5.0 B 

S 2.3 

S 

10 B 

S 3.5 

AA 

0.0 E 

S 3.1 

AA 

17.0 L 

B 3.3 

HD 

5.0 B 

a M 2.8 

AA 

5.0 B 

_w B 2.5 

AA 

0.0 E 
8.0 B 

a B 2.8 

AA 

0.6 E 

a M 2.9 

AA 

5.0 B 

I 3.0 

S 

0.0 E 

a M 3.0 

AA 

5.0 B 

S 3.1 

AA 

5.0 B 

S 3.3 

AA 

5.0 B 

a M 2.8 

AA 

5.0 B 

B 3.0 

HS 

3.5 B 

S 3.1 

AA 

17.0 L 

a M 2.8 

AA 

5.0 B 

S 2.7 

YF 

3.0 B 

S 3.0 

AA 

5.0 B 

a S 2.6 

SC 

5.0 B 

a M 2.5 

S 

0.0 E 

! M 2.8 

S 

5.0 B 

S 3.0: 

SC 

3.0 B 

I 3.3 

S 

7.0 B 

! B 3.4 

SC 

5.0 B 

! S 3.4 

SC 

5.0 B 

B 2.9 

AA 

5.0 B 

! B 3.5 

SC 

7.0 R 

B 3.7 

AA 

5.0 B 

G 3.5 

AA 

0.0 E 

S 2.6 

SC 

6.3 B 

S 3.3 

S 

3.5 B 

B 3.0 

HS 

3.5 B 

B 2.8 

AA 

2.0 B 

B 2.9 

AA 

5.0 R 


B 3.0 AA 10. OB 4 
B 3.3 AA 5.0 B 

G 3.3 AA 0.0 E 

S 2.7 AA 5.0 B 
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PWR COMA DC 


7 

6 

4 

7 

10 

7 

10 

11 

6 

7 

10 


10 

11 

5 

7 

8 

6 

8 

40 

6 

7 

8 

6 

10 

15 

s7 

10 

5 

6 

45 

5 

6 

7 

10 

7 

10 

6 

7 

4 



36 

12 

7 

7 

10 

7 

1 



11 

7 

4 

1 



1 



20 

5 

8 

25 

6 

7 

7 

11 

7 

8 

40 

6 

12 


5/ 

7 

25 

5 

25 

10 

7 

1 

40 

7 

36 

7 

6 

7 

10 

7 

12 

1 

20 

5/ 

20 

5 

8 

1 



10 

1 

11 

D5/ 

12 


5/ 

8 

40 

6 

7 

10 


12 

17 

6 

7 


6 

36 

8 

6 

12 

15 

6 

8 

18 

7 

8 

40 

7 

7 

10 

7/ 

1 

30 

7 

12 

6 

S7/ 

8 

15 

7 

10 



7 

12 

4 

7 

12 

4 

7 

9 

3 

60 

15 

4 

7 

13 

S7 

1 


4 

9 

8 

8 

7 


7 


7 

2 

12 

8 

7 

10 

7 

12 

9 

7 

7 

13 

D7 

1 



10 


S8 


TAIL 

PA 

OBS. 

HOM 

KYS 

0.8 


MEY 

KYS 

1.0 


HOR02 

0.4 


M0R04 

1.20 

30 

BEA 

0.4 


M0RO4 

0.5 

0 

SAN07 

TAK06 

TAK06 

0.4 

10 

M0R04 

0.5 

65 

VAN06 

VAN06 

25 m 30 

TAK06 

0.5 

10 

M0RO4 

ELT 

1.5 

325 

STO 

STO 

VAN06 

0.3 

360 

VAN06 

0.67 

40 

HAL04 

0.8 

350 

OKS 

1 

30 

BEA 

2.0 

332 

TAN02 

2.0 


POD 

0.43 

20 

HAL04 

DIE02 

15 m 

30 

TAK06 

0.5 

350 

M0R04 

2.0 

336 

TAN02 

VAN06 

0.4 

345 

VAN06 

MEY 

1.6 


MEY 

TOY 

1 .5 

343 

TAN02 

1 

350 

BEA 


TOD 


TAN02 

OHM 


20 

m 10 

TAK06 

TAH02 

2.5 

345 

ENT 

1 

350 

BEA 

1.0 

340 

OKS 

0.5 

325 

PLS 

1 


GONOS 

1.08 

10 

DIN01 

TOY 

0.4 

2 

FIL05 

0.4 

2 

FIL05 

0.3 


HOM 

0.5 

357 

FIL05 

1.5 

330 

VEL03 

VEL03 

0.42 

350 

DIN01 

TOY 

OHM 

KOZ 

KOZ 

1.2 

336 

KOZ 

1.5 

321 

VEL03 
TEL 03 

1 


SCU 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE CUT) 

N MM 

MAG. 

RF 

AP. IF/ 

1997 01 25.30 

B 

3.2 

SC 

0.7 E 


1997 01 26.14 

B 

3.2 

HD 

5.0 B 


1997 01 26.17 

S 

2.8 

SC 

8.0 B 


1997 01 26.18 

M 

2.5 

Y 

5.0 B 


1997 01 26.18 

S 

2.9 

SC 

0.0 E 


1997 01 26.19 

B 

3.3 

AA 

5.0 B 


1997 01 26.19 

G 

3.3 

AA 

0.0 E 


1997 01 26.19 

M 

2.5 

Y 

6.0 B 


1997 01 26.19 

S 

2.5 

Y 

0.0 E 


1997 01 26.19 

S 

3.0 

AA 

5.0 B 


1997 01 26.19 

a M 

3.1 

Y 

5.0 B 


1997 01 26.21 

a M 

2.4 

S 

0.0 E 


1997 01 26.21 

a M 

2.4 

S 

3 R 


1997 01 26.21 

a 0 

2.6 

SP 

0.0 E 


1997 01 26.22 

a M 

2.3 

TI 

5.0 B 


1997 01 26.23 

a M 

2.6 

Y 

10 B 


1997 01 26.25 

S 

3.0: 

AA 

6.0 B 


1997 01 26.26 

S 

3.0 

YF 

5.0 B 


1997 01 26.26 

S 

3.2 

AA 

7.0 B 


1997 01 26.30 

B 

3.3 

SC 

0.7 E 


1997 01 26.85 

S 

3.2 

S 

3.6 B 


1997 01 26.87 

B 

2.9 

HS 

3.5 B 


1997 01 26.89 

S 

2.9 

AA 

5.0 B 


1997 01 27.14 

B 

3.1 

HD 

5.0 B 


1997 01 27.16 

B 

2.5 

AA 

5.0 B 


1997 01 27.17 

S 

2.7 

AA 

5.0 B 


1997 01 27.17 

S 

4.0 

AA 

0.7 E 


1997 01 27.18 

S 

3.0 

AA 

6.3 R 

13 

1997 01 27.19 

B 

3.3 

AA 

5.0 B 


1997 01 27.19 

G 

3.2 

AA 

0.0 E 


1997 01 27.19 

S 

2.0 

S 

10 B 

4 

1997 01 27.20 

— M 

2.5 

Y 

5.0 B 


1997 01 27.20 

S 

2.4 

TI 

10 B 

4 

1997 01 27.84 

s 

3.3 

S 

3.6 B 


1997 01 28.16 

B 

1.8: 

AA 

3.0 B 


1997 01 28.18 

B 

2.9 

SC 

5.0 B 


1997 01 28.18 

M 

2.5 

SC 

11.0 B 


1997 01 28.19 

S 

2.7 

AA 

5.0 B 


1997 01 28.20 

a M 

2.7 

AA 

5.0 B 


1997 01 28.23 

S 

2.7 

YF 

3.0 B 


1997 01 28.26 

S 

2.6 

AA 

5.0 B 


1997 01 29.14 

B 

3.0 

HD 

5.0 B 


1997 01 29.15 

B 

2.9 

SC 

5.0 B 


1997 01 29.16 

B 

2.9 

SC 

5.0 B 


1997 01 29.16 

B 

3.2 

SC 

5.0 B 


1997 01 29.17 

B 

1.2: 

AA 

5.0 B 


1997 01 29.17 

S 

2.4 

SC 

0.0 E 


1997 01 29.18 
1997 01 29.18 

M 

2.8 

Y 

4 R 
0.0 E 

7 

1997 01 29.18 

S 

2.8 

Y 

0.0 E 


1997 01 29.19 

B 

2.5 

SC 

5.0 B 


1997 01 29.19 

S 

2.9 

SC 

5.0 B 


1997 01 29.20 

S 

2.5 

Y 

0.0 E 


1997 01 29.20 

a M 

2.8 

AA 

5.0 B 


1997 01 29.87 

S 

2.5 

AA 

5.0 B 


1997 01 30.13 

t S 

2.8 

S 

5.0 R 

8 

1997 01 30.17 

S 

2.5 

SC 

8.0 B 


1997 01 30.18 

B 

2.6 

AA 

2.0 B 


1997 01 30.18 

B 

2.8 

AA 

5.0 R 

5 

1997 01 30.18 

M 

2.8 

Y 

5.0 B 


1997 01 30.18 

S 

2.8 

Y 

5.0 B 


1997 01 30.20 

a M 

2.5 

AA 

5.0 B 


1997 01 30.21 

w B 

2.5 

AA 

0.0 E 


1997 01 30.22 
1997 01 30.85 

S 

3.3 

S 

8.0 B 
3.5 B 
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PWR 

COMA 

DC 

TAIL 

PA 

DBS. 

1 

15 

5 

0.5 


ROG02 

7 

10 

7 

0.5 

335 

MOR04 

12 

15 

S6 

0.6 

340 

ISH03 

10 

10 

S8 

2 

310 

SAN07 

1 

10 

S6 

0.6 

340 

ISH03 

7 

13 

S7 

1.0 

331 

VEL03 

1 





VEL03 

20 

25 

s4 

2 


LAN02 

1 

25 

s4 

2 


LAN02 

7 

14 

S9 

8 

320 

KOS 

7 

12 

7 

>3 

335 

KYS 

1 

25 

7/ 

3.5 

330 

PLS 

2 

25 

7/ 



H0R02 

1 

25 

5/ 

1.8 


ZNO 

7 

20 

6 

1.0 


DVO 

25 

15 

5/ 

0.7 


HYN 

13 

3 


>0.5 


HEN 

10 

14 

7 

2.0 


ENT 

16 

8 

3 

0.13 

357 

TAY 

1 

15 

5 



R0G02 

12 





TOY 

7 


7 



OHM 

7 





TAK06 

7 

10 

7 

0.5 

335 

MOR04 

7 

9 

6 

0.5 


HOM 

10 


S8 

1 


SCO 

1 

12 

S3 

2 

294 

CSU 

52 

14 

S9 

10 

320 

KOS 

7 

13 

S7 

1.5 

330 

VEL03 

1 

14 

S5 



VEL03 

25 

8 

7 

0.67 

340 

HAL04 

10 

7 

S8 

1 

320 

SAN07 

25 

22 

7 

0.60 

330 

R0T01 

12 





TOY 

7 


7 

0.3 


CHV 

10 





VEL02 

20 

22 

4 

1.5 


BAR06 

10 


S8 

1 


SCO 

12 

20 

6 



TAN02 

8 

12 

7 

2.5 

355 

ENT 

8 

45 

7 

1.30 

320 

BEA 

7 

13 

7 

0.5 

336 

M0R04 

10 


7 



RAD01 

10 


5 



B0R05 

10 


8 



B0J01 

7 

14 

7 

0.7 


HOM 

1 

30 

3 

2 


BAR06 

20 

7 

8 

0.28 

310 

TOL 

1 

5 

7 



KES01 

1 

5 

7 



KES01 

10 


7 



GRA07 

7 

10 

7 

0.67 

320 

TOL 

1 

25 

s4 

2 

350 

LAN02 

12 


6/ 



TAN02 

7 

12 

6 

50 m 

310 

TAK06 

20 

24 

D6 

1.6 

330 

B0RO4 

12 

18 

S6 

1.0 

330 

ISH03 

2 

14 

7 



KOZ 

7 

12 

7 



KOZ 

10 

8 

S8 

1 

330 

SAN07 

10 

25 

S8 

1 

330 

SAN07 

12 


7/ 

2.5 

327 ' 

TAN02 

1 





VAJ06 

20 

5 

6 

0.4 

3 

VJJ06 

7 





TOY 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 


(UT) 

01 31.15 
01 31.17 
01 31.17 
01 31.18 
01 31.19 
01 31.85 

01 31.87 

02 01.14 
02 01.15 
02 01.16 
02 01.16 
02 01.17 
02 01.17 
02 01.17 
02 01.18 
02 01.18 
02 01.19 
02 01.19 
02 01.19 
02 01.20 
02 01.20 
02 01.21 
02 01.23 
02 01.23 
02 01.24 
02 01.24 
02 01.24 
02 01.85 
02 01.85 
02 01.85 
02 01.85 
02 02.14 
02 02.17 
02 02.17 
02 02.17 
02 02.17 
02 02.17 
02 02.18 
02 02.18 
02 02.18 
02 02.18 
02 02.18 
02 02.19 
02 02.19 
02 02.19 
02 02.19 
02 02.19 
02 02.19 
02 02.19 
02 02.20 
02 02.20 
02 02.20 
02 02.20 
02 02.20 
02 02.21 
02 02.21 
02 02.21 
02 02.22 
02 02.23 
02 02.23 
02 02.23 
02 02.25 
02 02.25 
02 02.49 
02 02.49 


N MM MAG. 

RF 

AP. T 

B 1.8 

SC 

8.0 B 

B 1.5 

SC 

8.0 B 

B 1.9 

SC 

8.0 B 

B 2.6 

SC 

5.0 B 

B 1.7 

SC 

8.0 B 

I 2.9 

s 

7.0 B 

S 2.5 

AA 

5.0 B 

B 3.0 

HD 

5.0 B 

M 2.7 

AA 

3.0 R 

B 2.7 

AA 

2.0 B 

B 2.8 

AA 

5.0 R 

B 1.8 

AA 

3.0 B 

B 2.8 

AA 

10.0 B 

G 2.8 

AA 

0.0 E 

S 2.4 

Y 

0.0 E 

S 2.7 

AA 

5.0 B 

B 3.0 

AA 

5.0 B 

G 3.0 

AA 

0.0 E 

S 2.4 

AA 

5.0 B 

a M 2.2 

TI 

5.0 B 

a M 2.3 

S 

3 R 

a M 2.1 

S 

3 R 

M 2.2 

YG 

0.7 E 

S 4.9 

YG 

5.0 B 

B 2.7 

SC 

0.0 E 

S 2.2 

YG 

0.7 E 

a M 2.2 

Y 

10 B 

I 2.6 

YG 

12.5 B 
0.0 E 

S 2.5 

S 

3.5 B 

S 2.5 

YG 

2.4 B 

B 1.7 

AA 

3.0 B 

B 1.3 

SC 

5.0 B 

B 1.9 

SC 

8.0 B 

B 2.2 

SC 

5.0 B 

S 2.5 

SC 

4 R 

! B 2.0 

Y 

0.0 E 

B 1.3 

SC 

8.0 B 

B 2.9 

AA 

5.0 B 

G 2.9 

AA 

0.0 E 

S 2.5 

AA 

5.0 B 

S 2.5 

AA 

6.3 R 1 

B 2.2 

AA 

5.0 B 
0.0 E 

S 2.3 

AA 

5.0 B 

a M 2.1 

S 

3 R 

a M 2.2 

AA 

5.0 B 

a M 2.3 

AA 

0.6 E 

a M 2.5 

AA 

5.0 B 

B 1.8 

S 

0.0 E 

S 2.1 

TI 

10 B 

S 3.0 

AA 

0.7 E 

a M 2.2 

S 

3 R 

a 0 2.3 

TI 

0.0 E 

S 2.1 

YG 

8.0 B 
0.7 E 

w B 2.3 

AA 

0.0 E 

M 2.1 

YG 

0.7 E 

N 4.7 

YG 

5.0 B 
5.0 B 

S 2.2 

AA 

0.7 E 

K 2.5 

SC 

3.0 B 

M 2.8: 

SC 

5.0 B 

w M 2.2 

YF 

0.0 E 

w M 2.3 

YF 

5.0 B 


PWR COMA 
8 
8 
8 

10 

8 

10 

7 9 

7 13 

7 10 

2 14 

7 12 

7 

12 10 
1 

1 7 

10 

7 18 

1 20 
10 9 

7 20 

1 30 

1 25 

1 12 
10 12 
1 15 

1 
25 

20 10 
1 <20 
7 

10 18 

7 
10 

8 

10 

20 12.5 

1 415 

8 

7 14 

1 18 
10 

52 14 

7 6 

1 415 

10 11 
1 25 

12 22 
1 

10 13 

1 20 
25 20 

1 17 

1 30 

1 30 

20 4 

1 415 

1 

1 12 
10 5.3 

10 14 
1 

8 

10 

1 

7 415 


DC TAIL 

8 

6 


6 

6 1 

7 0.5 

5 0.5 

8 
8 

7 0.5 

8 1.3 
8 

7 0.3 

S8 0.8 

S7 1 

S5 

8 3 

6/ 2.5 

7/ 2.5 

7 2.5 

7 2.5 

7/ 4.5 

8 

1 

6 1.2 

8 1 

8 

7 0.6 

7 0.7 


8 0.58 

S8 7 

7 

S8 1.5 

S6 1 

58 1 

59 13 

7 0.60 

7 1.5 

8 2.5 

7 2 

8 / 3 

8 0.6 

S8 2.7 

7 1.75 

7 0.67 

S3/ 7 

7/ 2.5 

7 2.8 

8 1.1 

7 1.5 

7 

6 1.0 

7/ 4.0 

46 

7/ AO. 5 
9 41.5 

S8 43.0 


PA OBS . 
RAD01 
B0R05 
B0J01 
VEL02 
GRA07 


310 

TOY 

TAK06 

320 

M0R04 

337 

MAI 

KOZ 

KOZ 

CHV 

327 

KOZ 

300 

KOZ 

KES01 

325 

SCO 

VEL03 

320 

VEL03 

MOE 

330 

DVO 

H0R02 

330 

PLS 

321 

GRA04 

321 

GRA04 

320 

BIV 

SKI 

HYN 

330 

TOY 

330 

Y0S04 

TOY 

Y0S04 

338 

CHV 

300 

B0RO5 

B0J01 

VEL02 

TOL 

330 

SAR02 

317 

GRA07 

VEL03 

345 

VEL03 

SCO 

KOS 

300 

TOL 

325 

CHE03 

325 

MOE 

335 

PLS 

322 

TAN02 


MEY 


315 HAL04 
330 ROTOl 
313 CSU 
330 H0R02 
KON06 
315 VAN06 
SKI 
VAN06 
GRA04 
320 HAS02 
325 GRA04 
BOU 

312 . WAL02 
GLI 

312 ADA03 
312 ADA03 



INTERNATIONAL COMET QUARTERLY 


106 April 1997 


Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE 

(UT) 

N MM MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 

02 

02.55 


M 

2.2 

SC 

0.0 

E 



i 



5 


OME 

1997 

02 

03.13 


G 

2.6 

AA 

0.0 

E 



i 





GER01 

1997 

02 

03.14 


s 

2.0 

SC 

0.0 

E 



i 

30 

3 

2 


BAR06 

1997 

02 

03.15 


B 

2.4 

AA 

5.0 

B 



7 

4 7 

7 

0.7 


HOM 

1997 

02 

03.15 


B 

2.7: 

SC 

3.5 

R 

5 


30 

4 

7 

0.13 

322 

APE 

1997 

02 

03.16 


B 

1.5 

AA 

3.0 

B 



7 


7 

0.7 

339 

CHV 

1997 

02 

03.16 


B 

2.1 

SC 

6.0 

L 

10 


25 

20 

S6 

1.3 

315 

ISH03 

1997 

02 

03.16 


M 

2.5 

Y 

11.0 

L 

8 


36 


S6 



HOR 

1997 

02 

03.16 


S 

2.5 

Y 

0.0 

E 



1 

7 

S8 

5 

330 

SAN07 

1997 

02 

03.17 


B 

1.9 

SC 

0.0 

E 



1 

30 

3 

2 


BAR06 

1997 

02 

03.17 


B 

2.0: 

SC 

0.0 

E 



1 

430 

D4 

42 

320 

MAN01 

1997 

02 

03.17 

w 

I 

2.0 

SC 

0.0 

E 



1 



0.6 


FIL05 

1997 

02 

03.17 

V 

S 

2.3: 

SC 

5.0 

B 

6 


7 

& 7 

4 

0.9 


FIL05 

1997 

02 

03.18 


B 

2.6 

AA 

5.0 

B 



7 

14 

S8 

4 

320 

VEL03 

1997 

02 

03.18 


G 

2.5 

AA 

0.0 

E 



1 


S6 

3 

320 

VEL03 

1997 

02 

03.18 


S 

3.0 

AA 

0.7 

E 



1 

17 

S3/ 

11 

309 

CSU 

1997 

02 

03.18 

a 

M 

2.1 

AA 

5.0 

B 



12 

18 

8 

2.3 

321 

TAN02 

1997 

02 

03.19 

» 

V 

2.0 

YF 

6.4 A 

3 

a 

5 

450 

7 

42.5 

320 

MIK 

1997 

02 

03.19 

a 

0 

2.2 

TI 

0.0 

E 



1 

30 

7 

3 


K0NO6 

1997 

02 

03.20 


B 

2.3 

S 

0.0 

E 



1 

17 

7 

1.20 

310 

HAL04 

1997 

02 

03.20 


K 

2.5 

SC 

25 

L 

4 


40 



10 

315 

WAL02 

1997 

02 

03.20 


S 

2.5: 

AA 

0.7 

E 



1 

15 

5 

1.5 


GIL01 

1997 

02 

03.20 

i 

V 

2.0 

YF 

2.3 

A 

4 

a 

30 

460 

7 

43 

320 

MIK 

1997 

02 

03.20 

a 

M 

2.3 

S 

3 

R 



2 

25 

7/ 

3 

330 

H0RO2 

1997 

02 

03.21 

a 

0 

1.9 

SP 

0.0 

E 



1 

15 

6/ 

2.0 


ZNO 

1997 

02 

03.22 


S 

1.9 

TI 

10 

B 

4 


25 

18 

7 

0.60 

335 

R0T01 

1997 

02 

03.22 

a 

M 

2.3 

TI 

5.0 

B 



7 

20 

6 

2 


DVO 

1997 

02 

03.23 


S 

2.0 

YG 

0.7 

E 



1 



1.5 


SKI 

1997 

02 

03.23 

j 

S 

2.3 

AA 

5.0 

B 



7 

5 

8 

2 

319 

SHA02 

1997 

02 

03.24 


s 

2.3 

SC 

6.3 

B 



9 

10 

8 

1.25 

315 

DIN01 

1997 

02 

03.24 

i 

s 

2.5 

AA 

0.7 

E 



1 

4 

8 



SHA02 

1997 

02 

03.24 


s 

2.0 

SC 

0.6 

E 



1 

15 

7 

5.5 

330 

OKS 

1997 

02 

03.25 


6 

2.6 

SC 

6.0 B 



13 


7 

>1.5 

320 

HEN 

1997 

02 

03.27 


s 

2.5 

AA 

7.0 

B 



16 

9 

D3 

1.2 

330 

TAY 

1997 

02 

03.28 


B 

2.1 

S 

5.0 

B 



7 

40 

6 



TRI 

1997 

02 

03.30 


B 

2.4 

SC 

0.7 

E 



1 

24 

5 

41.5 


R0G02 

1997 

02 

03.46 

a 

G 

2.2: 

SC 

0.0 

E 



1 

10 

8/ 



CRE01 

1997 

02 

03.84 





15.0 

B 



25 

>60 

5 

>2.5 

325 

FUK02 

1997 

02 

03.84 


B 

2.3 

YG 

0.0 

E 



1 





KAT01 

1997 

02 

03.84 


B 

2.5 

YG 

3.5 

B 



7 

14 

7 

1.5 

300 

OHM 

1997 

02 

03.84 


G 

2.3 

S 

0.0 

E 



1 





FUK02 

1997 

02 

03.85 


B 

2.3 

YG 

0.0 E 



1 

<20 

S5 

1 

310 

YOS04 

1997 

02 

03.85 


I 

2.6 

S 

0.0 E 



1 





TOY 

1997 

02 

03.85 


S 

2.1 

YG 

2.4 

B 



10 

12 

7 

1.6 

310 

YOS04 

1997 

02 

03.86 


S 

2.1 

YG 

0.0 

E 



1 

15 

7/ 

1.5 

300 

NAG08 

1997 

02 

04.13 

ft 

B 

2.6 

S 

5.0 

R 

8 


20 

24 

D6 

1.6 

325 

BOR04 

1997 

02 

04.14 


B 

2.9 

HD 

5.0 

B 



7 

15 

7 

1 

305 

MOR04 

1997 

02 

04.14 


S 

1.8 

SC 

0.0 

E 



1 

40 

3 

3 


BAR06 

1997 

02 

04.16 


B 

1.5 

AA 

3.0 B 



7 


7 

1 

340 

CHV 

1997 

02 

04.16 


S 

2.3 

AA 

5.0 

B 



10 


S8 

2 


sen 

1997 

02 

04.17 


B 

1.9 

SC 

0.0 

E 



1 

30 

D4 

42 

320 

MAN01 

1997 

02 

04.17 


S 

3.0 

AA 

0.7 

E 



1 

17 

S3/ 

11 

301 

CSU 

1997 

02 

04.17 

w 

I 

2.0 

SC 

0.0 

E 



1 



1.0 


FIL05 

1997 

02 

04.17 

w 

S 

2.2: 

SC 

5.0 B 

6 


7 

10 

4 

1.3 


FIL05 

1997 

02 

04.18 


B 

2.1 

AA 

0.0 

E 



1 

413 

7 

1.0 

325 

CHE03 

1997 

02 

04.18 


B 

2.6 

AA 

5.0 

B 



7 

12 

S8 

3 

317 

VEL03 

1997 

02 

04.18 


G 

2.5 

AA 

0.0 E 



1 


S5 



VEL03 

1997 

02 

04.18 


S 

2.0 

AA 

5.0 

B 



7 

14 

S9 

15 

320 

KOS 

1997 

02 

04.18 

I 

V 

1.9 

YF 

6.4 A 

3 

a 

2 

450 

7 

42.5 

320 

MIK 

1997 

02 

04.18 

w 

B 

1.5 

SC 

0.0 

E 



1 


8 

1 


B0R05 

1997 

02 

04.21 

1 

V 

1.9 

YF 

2.3 

A 

4 

a 

20 

460 

7 

43 

320 

MIK 

1997 

02 

04.22 





8.0 

B 



20 

6 

7 

1 

305 

VAN06 

1997 

02 

04.22 

w 

B 

2.1 

AA 

0.0 E 



1 





VAN06 

1997 

02 

04.23 


S 

1.9 

YG 

0.7 

E 



1 


8 

1.5 


SKI 

1997 

02 

04.25 


M 

2.2 

S 

5.0 B 



12 

12 

S8 

2.5 


G0NO5 



April 1997 

Comet C/1995 01 (Hale-Bopp) [coat.] 


DATE (UT) 

1997 02 04.29 
1997 02 04.29 
1997 02 04.31 
1997 02 04.65 
1997 02 04.72 
1997 02 04.72 
1997 02 04.83 
1997 02 04.84 
1997 02 04.84 
1997 02 04.85 
1997 02 04.85 
1997 02 04.86 
1997 02 04.86 
1997 02 04.86 
1997 02 04.86 
1997 02 04.86 
1997 02 05.10 
1997 02 05.11 
1997 02 05.12 
1997 02 05.14 
1997 02 05.15 
1997 02 05.15 
1997 02 05.17 
1997 02 05.17 
1997 02 05.17 
1997 02 05.18 
1997 02 05.19 
1997 02 05.22 
1997 02 05.23 
1997 02 05.24 
1997 02 05.25 
1997 02 05.25 
1997 02 05.25 
1997 02 05.26 
1997 02 05.27 
1997 02 05.28 
1997 02 05.87 
1997 02 06.19 
1997 02 06.20 
1997 02 06.22 
1997 02 06.22 
1997 02 06.22 
1997 02 06.22 
1997 02 06.22 
1997 02 06.24 
1997 02 06.25 
1997 02 06.25 
1997 02 06.25 
1997 02 06.31 
1997 02 06.83 

1997 02 06.85 

1997 02 06.85 

1997 02 06.85 

1997 02 07.12 

1997 02 07.12 

1997 02 07.12 

1997 02 07.16 

1997 02 07.18 

1997 02 07.19 

1997 02 07.19 

1997 02 07.20 

1997 02 07.20 a M 

1997 02 07.20 w G 

1997 02 07.21 ! V 

1997 02 07.21 a M 


AP. IF/ 
0.0 E 
5.0 B 
5.0 B 
0.0 E 
5.0 B 

5.0 B 
0.0 E 
0.0 E 

2.4 B 

4.2 B 
0.0 E 
0.0 E 

3.5 B 
0.0 E 

7.0 B 
0.0 E 

5.0 R 8 

3.0 R 4 

5.0 B 
0.0 E 
5.0 B 
5.0 B 
5.0 B 
0.0 E 
0.0 E 
5.0 B 
5.0 B 
0.7 E 
0.7 E 
5.0 B 

6.3 B 
5.0 B 
0.7 E 
0.7 E 
0.0 E 
5.0 B 
5.0 B 
5.0 B 
0.0 E 
0.7 E 
5.0 B 
0.7 E 

B 4 
0.0 E 
0.0 E 
0.0 E 
5.0 B 
5.0 B 
5.0 B 
2.5 B 
0.0 E 
0.0 E 
YG 2.4 B 

HD 3.5 B 

HD 5.0 B 

AA 3.0 R 4 

0.0 E 
0.0 E 
3 R 

TI 0.8 E 

6.3 B 
1.9 S 3 R 

1.7 AA 0.6 E 

1.8 YF 6.4 A 3a 

1.9 TI 5.0 B 


N MM 

MAG. 

RF 

B 

1.8 

S 

B 

2.0 

S 

M 

2.2: 

SC 

M 

2.0 

SC 

! M 

2.1: 

YG 

! N 

4.4 

YG 

I 

2.4 

S 

B 

2.5 

YG 

S 

2.4 

YG 

B 

2.5 

AA 

S 

2.1 

YG 

G 

2.2 

AA 

M 

2.3 

AA 

S 

2.2 

AA 

S 

2.3 

AA 

a B 

2.3 

YG 

4 B 

2.7 

S 

M 

2.3 

AA 

B 

2.8 

HD 

G 

2.4 

AA 

S 

2.3 

AA 

w B 

2.3 

SC 

w B 

1.5 

SC 

w B 

1.7 

SC 

w B 

2.2 

SC 

w B 

2.0 

SC 

a M 

1.9 

AA 

S 

1.8 

YG 

M 

2.0 

YG 


S 2.2 SC 
S 1.9 AA 
1 S 2.1 AA 
G 2.5 SC 
B 1.7 S 
B 1.9 S 
S 2.2 AA 
a M 2.1 AA 
B 2.1 S 
M 2.0 YG 
N 4.4 YG 
S 1.8 YG 
S 2.0 TI 10 
s M 1.7 SC 
B 2.5 SC 
B 1.8 S 
B 2.0 S 
M 2.1 S 
M 1.9 SC 
B 2.2 S 
B 2.2 YG 
S 1.9 AA 
S 2.1 
B 2.7 
B 2.7 
M 2.2 
! B 1.5 Y 
S 2.0 Y 
M 2.0 S 
S 1.6 
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PWR COMA 
1 

7 50 

10 445 

1 

10 10 
10 
1 

1 <15 

10 12 
7 

1 412 

1 

7 15 

1 

10 

1 

30 24 

7 12 

7 15 

1 

10 

10 

10 

1 

1 

10 

12 19 

1 

1 12 
10 10 
9 9 

7 12 

1 12 
1 10 
1 30 

7 50 

7 10 

12 16 
1 20 
1 12 
10 10 
1 

25 20 

14 8 
1 15 

1 30 

7 40 

12 10 
10 435 

8 

1 <30 

1 20 
10 14 
7 15 

7 18 

7 12 

1 420 

1 14 

1 35 

1 20 
9 15 

1 25 
1 

2 440 

7 20 


DC TAIL 
8 

6 3 

6/ 41.0 

5 

7 


S5 

7 0.8 

7 

7/ 

7 1.6 

8 
7 

D5/ 1.5 

5 0.5 

7 1 

S8 

8 

8 1.5 

8 

6 

7 

8 2.5 

8 1.5 

7 

7/ 3.0 


8 1.3 

7 1.3 

7 >1.5 

8 1 

6 3 

6 1 

9 3 

7 1.30 
7 

7/ 4.0 

2 

6 

7/ 42.0 

7 

8 1 

6 2 


S8/ 

3 

7 

41.2 

0.8 

S5 

1 

7 

2 

7 

0.6 

S7/ 

2 

S7/ 

3 

5 

0.5 

S8 

20 

8 

0.9 

7 

3 

7/ 

0.5 

S8 

3.5 

7/ 

2 

7 

43 

6/ 

3 


PA OBS . 

TRI 
340 TRI 
315 POR05 
OME 
GRA04 
GRA04 
TOY 
Y0SO4 
320 YOS04 
HAS08 
NAG08 
Y0S02 
310 YOS02 
HAS08 
FTJK01 
NAK01 
325 BOR04 
MAI 

305 M0R04 

GER01 
SCU 
VEL02 
B0R05 
GRA07 
B0J01 
MARI 9 
318 TAN02 
SKI 
GRA04 
320 GRA04 


314 SHA02 

315 SHA02 
320 HEN 
310 TRI 
310 TRI 

310 TAK06 

311 TAN02 
300 HAL04 

GRA04 

324 GRA04 
SKI 
R0T01 

325 GLI 
BIV 

300 TRI 
300 TRI 
G0N05 
320 POR05 
320 TOY 
310 Y0S04 
310 NAG08 
300 Y0SO4 
315 HAR09 
320 M0RO4 
MAI 

315 SAR02 
290 KES01 
335 PLS 
VET01 
327 KAMOi 
330 . HOR02 
KAMOI 
320 MIK 
DVO 


1.25 315 DIN01 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE (UT) N MM MAG. 

1997 02 07.22 

1997 02 07.22 S 1.7 

1997 02 07.22 S 2.0 

1997 02 07.22 w M 1.9 

1997 02 07.23 B 1.7 

1997 02 07.23 B 1.8 

1997 02 07.25 B 1.8 

1997 02 07.25 B 2.4 

1997 02 07.26 s B 1.9 

1997 02 07.41 a B 1.6 

1997 02 07.73 ! M 1.8: 

1997 02 07.75 ! S 2.6 

1997 02 08.12 B 2.6 

1997 02 08.15 w B 2.0 

1997 02 08.16 S 1.7 

1997 02 08.16 S 1.7 

1997 02 08.17 B 1.7 

1997 02 08.17 S 1.5 

1997 02 08.17 S 2.0 

1997 02 08.17 w B 1.9 

1997 02 08.18 ! S 1.5 

1997 02 08.19 ! V 1.7 

1997 02 08.19 a M 1.9 

1997 02 08.19 a 0 1.7 

1997 02 08.20 S 1.5: 

1997 02 08.20 S 1.6 

1997 02 08.20 a M 1.8 

1997 02 08.21 B 1.7 

1997 02 08.21 S 1.6 

1997 02 08.21 w M 1.6 

1997 02 08.22 B 1.8 

1997 02 08.22 — M 1.8 

1997 02 08.22 N 4.3 

1997 02 08.22 a B 1.6 

1997 02 08.23 

1997 02 08.23 B 1.6 

1997 02 08.27 M 1.9 

1997 02 08.74 ! M 1.9 

1997 02 08.81 S 1.9 

1997 02 08.83 I 1.8 

1997 02 08.85 S 1.7 

1997 02 08.86 I 2.3 

1997 02 08.86 S 2.0 

1997 02 08.87 M 1.9 

1997 02 08.87 M 2.1 

1997 02 08.88 S 2.0: 

1997 02 09.12 B 1.7 

1997 02 09.12 B 2.5 

1997 02 09.12 B 2.6 

1997 02 09.13 M 2.0 

1997 02 09.15 B 1.4 

1997 02 09.15 S 1.5 

1997 02 09.15 w B 1.9 

1997 02 09.16 

1997 02 09.16 S 1.6 

1997 02 09.16 w B 1.3 

1997 02 09.16 w B 1.6 

1997 02 09.17 w B 1.3 

1997 02 09.17 w B 1.5 

1997 02 09.17 w B 1.5 

1997 02 09.18 S 1.5 

1997 02 09.18 S 1.7: 

1997 02 09.18 w B 1.4 

1997 02 09.19 a M 1.6 

1997 02 09.21 


RF 

AP . T F/ 

PWR 

COMA 


5.0 B 


7 

15 

YG 

0.7 E 


1 


TI 

10 B 

4 

25 

20 

SC 

0.0 E 


1 

410 

s 

0.0 E 


1 

30 

s 

5.0 B 


7 

40 

s 

5.0 B 


7 

50 

sc 

0.0 E 


1 

20 

s 

5.0 B 


7 

40 

AA 

0.0 E 


1 


: YG 

5.0 B 


10 

10 

AA 

7.0 B 


16 

7 

HD 

3.5 B 


7 

15 

sc 

0.0 E 


1 


SC 

0.0 E 


1 

40 

sc 

8.0 B 


12 

25 

S 

0.0 E 


1 

12 

sc 

0.0 E 


1 

40 

AA 

5.0 B 


10 

9 

sc 

5.0 B 


10 


AA 

0.8 E 


1 

15 

YF 

6.4 A 

3 

a 2 

440 

Y 

0.0 E 


1 

15 

S 

0.0 E 


1 

30 

AA 

0.0 E 


1 


AA 

5.0 B 


10 


Y 

5.0 B 


7 

15 

SC 

8.0 B 


11 


YG 

0.7 E 


1 


Y 

0.0 E 


1 

20 

S 

5.0 B 


7 

40 

YG 

0.7 E 


1 

10 

YG 

5.0 B 


10 

10 

AA 

0.7 E 


1 



3.2 B 


8 

4.4 

S 

0.0 E 


1 

30 

SC 

5.0 B 


10 

445 

YG 

5.0 B 


10 

10 

AA 

0.0 E 


1 

420 

S 

0.0 E 


1 


S 

15.0 R 

5 

25 

15 

YG 

0.0 E 


1 


YG 

2.4 B 


10 

25 

YG 

3.0 B 


8 

20 

AA 

3.5 B 


7 

415 

AA 

5.0 B 


7 

12 

SC 

0.0 E 


1 

30 

HD 

5.0 B 


7 

19 

HD 

3.5 B 


7 

16 

AA 

3.0 R 

4 

7 

11 

AA 

3.0 B 


7 


SC 

0.0 E 


1 

42 

SC 

0.0 E 


1 



8.0 B 


12 

40 

SC 

0.0 E 


1 

42 

SC 

0.0 E 


1 


SC 

0.0 E 


1 


AA 

0.0 E 


1 

425 

SC 

5.0 B 


10 


SC 

5.0 B 


10 


AA 

8.0 B 


20 


AA 

0.0 E 


1 


SC 

5.0 B 


10 


AA 

5.0 B 


12 

24 


8.0 B 


20 

5 


DC 

TAIL 

PA 

DBS. 

71 

6 

319 

SKI 

8 

2.5 


SKI 

6 

1.00 


R0T01 

7/ 

44 

325 

GLI 

8 

1 

315 

TRI 

6 

2.5 

315 

TRI 

6 

4 

350 

R0D01 

7 



BIV 

8 

1.5 

290 

MAR20 

8/ 

41 


GRE 

7/ 

0.6 


GRA04 

3 



TAY 

S7/ 

3 

315 

HAR09 

8 



RAD01 

3 

3 


BAR06 

S6 

2.1 

318 

ISH03 

7 

0.70 

300 

HAL04 

3 

3 


CHU 

8 

4.5 

330 

MOE 

8 



RAD01 

7 

4 

318 

SHA02 

7 

43 

320 

MIK 

7 



KYS 

5 

5 


POD 




ANZ 


6 


ANZ 

8 

8 

320 

KYS 

D6 



BR006 

8 

2 


SKI 

D7 

4 

300 

CAN04 

6 

2.5 

315 

TRI 

8 



GRA04 

7/ 

4.5 

321 

GRA04 




BOU 

4 

4.8 

330 

HAS02 

8 

1 

315 

TRI 

6/ 

42.3 

320 

P0R05 

7 

0.8 

323 

GRA04 

7/ 

1 

310 

NAG08 




TOY 

6 

1.4 


NAG02 

8 



YOS04 

7 



YOS04 

6 

0.8 

300 

KAT01 

7 

1.2 

320 

YOS02 

7 

1 


TAK06 

S6 

5 

320 

HANOI 

S7/ 

4 

315 

MO&04 

S7/ 

4 

320 

HAR09 

5 

0.6 


MAI 

7 

0.8 

338 

CHV 

3 



LUK04 

8 

1.5 


AND03 

S6 

4.5 

324 

BAR06 

3 

3.5 

320 

BAR06 

8 



RAD01 

7 



BOJOl 

6 

5 

317 

CHE03 

8 



GRA07 

8 



RAD01 


6.5 


ANZ 




ANZ 

8 

4.5 


B0R05 

8/ 

5 

316 

TAN02 

7 

3 

310 

VAN06 
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DATE 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 
1997 


(UT) 

02 09.21 
02 09.21 
02 09.22 
02 09.22 
02 09.23 
02 09.23 
02 09.25 
02 09.25 
02 09.25 
02 09.26 
02 09.27 
02 09.46 
02 09.74 
02 09.84 
02 09.84 
02 09.84 
02 09.85 
02 09.85 
02 09.85 
02 09.86 
02 09.86 
02 09.86 
02 09.86 
02 09.97 
02 10.11 
02 10.11 
02 10.12 
02 10.14 
02 10.15 
02 10.16 
02 10.16 
02 10.16 
02 10.17 
02 10.17 
02 10.18 
02 10.18 
02 10.19 
02 10.20 
02 10.21 
02 10.23 
02 10.24 
02 10.24 
02 10.24 
02 10.25 
02 10.25 
02 10.26 
02 10.27 
02 10.27 
02 10.27 
02 10.76 
02 10.84 
02 10.86 
02 11.15 
02 11.15 
02 11.15 
02 11.15 
02 11.15 
02 11.16 
02 11.16 
02 11.16 
02 11.16 
02 11.17 
02 11.17 
02 11.18 
02 11.19 


N MM MAG. 
v B 1.7 
v M 1.5 
B 1.4 
B 1.7 


B 
B 
M 
s B 


w 

w 

V 

w 

V 

w 

a 

i 


I 

i I 
i I 
! S 
B 
I 
S 
I 
M 
S 
B 
I 
M 
S 
B 
B 
M 
B 
B 
B 
S 
B 
B 
B 
B 
B 
M 
V 


1.6 

2.3 

1.9 

1.7 

2.1 

1.8 

1.5 
1.7: 

1.6 
2 . 2 : 
1.5 
1.8 
2.1 

2.3 
2.2 
2.2 
2.2 
2.1 
3.2: 

2.4 
1.9 

2.3 
1.8 
1.9 
1.6 

1.5 

1.8 

1.4 

1.5 
2.0 
1.4 

1.6 


RF 

AA 

Y 

S 

S 

S 

SC 

S 

S 

AT 

AT 

SC 

YG 

AA 

AA 

S 

AA 

AA 

AA 

YG 

YG 

AA 

AA 

AA 

HD 

AA 

HD 

SC 

SC 

SC 

SC 

SC 

SC 

SC 

s 

AA 

YF 


AP. 

0.0 

0.0 

6.0 

5.0 

3.2 

0.0 

0.0 

5.0 

5.0 

0.0 

0.0 

0.0 

0.7 

0.0 

0.0 

15.0 
0.0 
3.5 
5.0 
3.5 
0.0 

5.0 

0.0 

5.0 
3.5 

3.0 

5.0 
5.0 
0.0 
5.0 
5.0 B 
0.0 E 
0.0 
5.0 
0.0 

5.0 
6.4 

8.0 


T F/ 
E 


E 

B 

B 

B 

E 

E 

B 

B 

E 

E 

E 

E 

E 

E 

R 

E 

B 

B 

B 

E 

B 

E 

B 

B 

R 

B 

B 

E 

B 


E 

B 

E 

B 

A 


3 a 


w M 

1.4 

Y 

0.0 E 




5.0 B 

B 

1.5 

S 

0.0 E 

B 

1.6 

S 

5.0 B 

S 

1.6 

YG 

0.7 E 

S 

2.0 

SC 

6.3 B 

s B 

1.7 

S 

5.0 B 

a I 

1.9 

AT 

0.0 E 

a B 

1.9 

AT 

0.0 E 

a I 

1.6 

AT 

0.0 E 

a S 

1.6 

AT 

0.0 E 

! S 

1.4: 

AA 

5.0 B 

S 

1.3 

S 

15.0 R 5 

M 

1.6 

YG 

3.0 B 

B 

1.4 

AA 

3.0 B 

B 

1.6 

AA 

3.0 B 

B 

1.6 

AA 

3.0 B 

w B 

1.6 

SC 

0.0 E 

v B 

1.7 

SC 

5.0 B 

S 

1.5 

SC 

4 R 7 

S 

1.6 

AA 

6.3 R 13 

v B 

1.3 

SC 

0.0 E 

w B 

1.6 

SC 

5.0 B 

v B 

1.4 

SC 

0.0 E 

w B 

1.5 

SC 

0.0 E 

a M 

1.3 

AA 

5.0 B 




15.0 R 8 


PWR 
1 
1 

10 

7 

8 
1 
1 

12 
7 
1 
1 
1 
1 
1 
1 
25 
1 
7 
7 
7 
1 
7 
1 
7 
7 
7 
7 

10 
1 
7 

10 
1 
1 

10 
1 

12 
1 

20 
1 

10 
1 
7 
1 
9 
7 
1 
1 
1 
1 

7 
25 

8 

7 

8 
8 
1 

10 
20 
52 
1 

10 
1 
1 

12 
30 


COMA DC TAIL 


20 

8 

40 

6 . 

30 

20 

10 

40 


10 


15 

15 

10 

11 

20 


16 

13 

19 

30 


6 

15 

20 


6 

14 


D7 

7 
6 
3 

8 

7 
S8/ 

8 


9 

8/ 


6 / 


7 

7 

8 
8 


7 

S7/ 

5 

S7/ 

8 
8 
9 
8 
8 
8 


7 

0.75 

1.5 

5.8 

1 

4 

2 

47 

44.5 

3 


1.5 

2.0 

1.2 

2.0 


4 

0.7 

4 

4 

1.5 

1.50 

4 


PA OBS . 

VAN06 
325 CAN04 
315 SAN04 
320 TRI 
340 HAS02 
300 TRI 
BIV 
G0N05 
300 MAR20 
320 VIT01 
320 PER01 
320 CRE01 
SKI 
0KA05 
TSU02 
NAG02 
WAS 

300 TAK06 
310 OHM 
OHM 
TOD 
TAK06 
HOM 

315 HAR09 
MAI 

315 M0RO4 
ANDO 3 
AND03 
315 TOL 
GRA07 
RAD01 
B0J01 


10 

5 

6 

0.70 

305 

B0R05 

HAL04 

23 

8 

6 

321 

TAN02 

&40 

7 

43 

320 

MIK 

3 

7 

3.3 

315 

VAN06 

25 

D7 

7.5 

325 

CAN04 

13.2 

3 

4.0 

330 

HAS02 

30 

8 

0.5 

300 

TRI 

35 

6 

1 

315 

TRI 

6 

8/ 

7 

1.92 

315 

SKI 

DIN01 

40 

8 

2 

290 

MAR20 


23 

22 


7/ 

7/ 

7/ 

6 

6 / 

7 
6 
6 
6 

8 
8 
9 

S9 

8 

8 

8 

8 

7/ 

7 


46.5 

46.5 

46.5 

1.5 

0.6 

1.5 

1.5 

2.5 

1.5 

4.5 

1.6 

19 


1.2 


302 VIT01 
290 PER01 
290 PER01 
290 PER01 
SHA02 
NAG02 
300 KAT01 
339 CHV 
SLI01 
SLI01 
VEL02 
AND03 
320 TOL 
320 KOS 
B0R05 
RAD01 
. RAD01 
BOJOl 
TAN02 
330 DIE02 


INTERNATIONAL COMET QUARTERLY 


Comet C/1995 01 (Hale-Bopp) 


DATE 

(UT) 

N MM 

MAG. 

RF 

1997 

02 

11.19 


s 

1.9 

AA 

1997 

02 

11.21 


M 

1.5: 

YG 

1997 

02 

11.21 

a 

S 

1.5 

AA 

1997 

02 

11.22 



1.4: 

AA 

1997 

02 

11.22 


B 

1.7 

SC 

1997 

02 

11.22 


S 

1.3 

SC 

1997 

02 

11.22 

V 

M 

1.7 

SC 

1997 

02 

11.23 

j 

S 

1.9 

AA 

1997 

02 

11.23 

i 

S 

2.0 

AA 

1997 

02 

11.23 

j 

s 

2.3 

AA 

1997 

02 

11.24 


B 

1.7 

S 

1997 

02 

11.24 


S 

1.7 

SC 

1997 

02 

11.24 

a 

S 

1.5 

SC 

1997 

02 

11.74 

j 

M 

1.6 

YG 

1997 

02 

11.74 

1 

S 

1.5 

YG 

1997 

02 

11.81 


I 

1.8 

S 

1997 

02 

11.82 

1 

s 

1.3 

SC 

1997 

02 

11.82 

1 

s 

1.6 

SC 

1997 

02 

11.84 


B 

2.0 

YG 

1997 

02 

11.84 


I 

1.8 

YG 

1997 

02 

11.84 


S 

1.6 

YG 

1997 

02 

11.85 


S 

1.8 

AA 

1997 

02 

11.86 


G 

1.5 

AA 

1997 

02 

11.86 


M 

1.7 

AA 

1997 

02 

12.06 


S 

2.2 

AA 

1997 

02 

12.12 


B 

2.4: 

AA 

1997 

02 

12.13 


B 

1.8 

SC 

1997 

02 

12.14 


B 

1.5 

AA 

1997 

02 

12.14 


B 

1.8 

SC 

1997 

02 

12.14 


S 

1.3 

SC 

1997 

02 

12.14 

w 

B 

1.3 

SC 

1997 

02 

12.15 





1997 

02 

12.15 


B 

2.1 

AA 

1997 

02 

12.15 


G 

1.9 

AA 

1997 

02 

12.15 


S 

1.4 

SC 

1997 

02 

12.15 

V 

I 

1.2 

SC 

1997 

02 

12.16 

V 

B 

1.3 

SC 

1997 

02 

12.16 

w 

B 

1.5 

SC 

1997 

02 

12.17 

V 

B 

1.3 

SC 

1997 

02 

12.17 

V 

B 

1.4 

SC 

1997 

02 

12.18 

a 

M 

1.3 

AA 

1997 

02 

12.20 





1997 

02 

12.20 


S 

1.3 

YG 

1997 

02 

12.21 


M 

1.5 

YG 

1997 

02 

12.21 


N 

4.0 

YG 

1997 

02 

12.24 


B 

1.5 

S 

1997 

02 

12.24 


B 

1.6 

S 

1997 

02 

12.25 

s 

B 

1.8 

S 

1997 

02 

12.65 

a 

M 

1.6 

SC 

1997 

02 

12.74 

i 

M 

1.7 

YG 

1997 

02 

12.83 





1997 

02 

12.83 


I 

1.6 

S 

1997 

02 

12.83 


S 

1.6 

AA 

1997 

02 

12.84 


B 

1.5 

YG 

1997 

02 

12.84 


S 

1.4 

YG 

1997 

02 

12.86 


M 

2.0 

AA 

1997 

02 

12.86 


S 

1.2 

S 

1997 

02 

12.87 


s 

2.2 

AA 

1997 

02 

13.16 

w 

B 

1.5 

SC 

1997 

02 

13.20 


S 

1.4 

YG 

1997 

02 

13.20 

w 

M 

1.3 

Y 

1997 

02 

13.22 



1.5: 

AA 

1997 

02 

13.24 


B 

1.5 

S 

1997 

02 

13.41 

V 

B 

1.3 

AA 

1997 

02 

13.46 

a 

M 

1.5 

SC 


110 


[cont 

.] 





AP. 

T F/ 

PWR 

COMA 

DC 

0.0 

E 


1 



0.7 

E 


1 

£12 


0.7 

E 


1 



0.6 

E 


1 

15 

5 

0.7 

E 


1 

22 

5 

5.0 

B 


10 

25 

8 

0.0 

E 


1 

£10 

7/ 

5.0 

B 


7 

5 

8 

0.7 

E 


1 

10 

8 

8.0 

B 


20 

4.9 

8 

5.0 

B 


7 

35 

6 

6.3 

B 


9 

8 

7 

0.6 

E 


1 

20 

8 

5.0 

B 


10 

11 

7/ 

0.7 

E 


1 


8 

0.0 

E 


1 



0.0 

E 


1 

20 

S8 

3.0 

B 


10 

13 

D7 

3.5 

B 


7 

15 

8 

0.0 

E 


1 

<20 

S4 

2.4 

B 


10 

15 

7 

0.0 

E 


1 

20 

7 

0.0 

E 


1 



3.5 

B 


7 

15 

7 

11.0 

L 

7 

32 

17 

6 

5.0 

B 


7 

5 

6 

7.0 

B 


40 



3.0 

B 


7 


6 

7.0 

B 


40 



0.0 

E 


1 


5 

0.0 

E 


1 


8 

8.0 

B 


12 

34 

S6 

5.0 

B 


7 

10 

S8 

0.0 

E 


1 

14 

S6 

0.0 

E 


1 

40 

3/ 

0.0 

E 


1 


4 

0.0 

E 


1 


8 

5.0 

B 


10 


8 

0.0 

E 


1 


8 

0.0 

E 


1 


8 

5.0 

B 


12 

16 

8 

5.0 

B 


7 

£18 

7/ 

0.7 

E 


1 


8 

0.7 

E 


1 

12 

8 

5.0 

B 


10 

11 

7/ 

0.0 

E 


1 

30 

8 

5.0 

B 


7 

35 

6 

5.0 

B 


7 

40 

8 

0.0 

E 


1 



5.0 

B 


10 

10 

7/ 

5.0 

B 


7 

15 

8 

0.0 

E 


1 



0.0 

E 


1 

20 

7/ 

0.0 

E 


1 

<20 

S4 

2.4 

B 


10 

15 

s6 

5.0 

B 


7 

20 


15.0 

R 

5 

25 

18 

7 

5.0 

B 


7 



0.0 

E 


1 


8 

0.7 

E 


1 


8 

0.0 

E 


1 

30 

D7 

0.6 

E 


1 

15 

5 

5.0 

B 


7 

35 

6 

0.0 

E 


1 


8 

5.0 

B 


7 

8 

9 


April 1997 


TAIL 

PA 

OBS. 

DIE02 

GRA04 

BOU 

2.0 

320 

GIL01 

£5 


ROG02 

3.5 

312 

MCK 

£4 

315 

GLI 

2 

310 

SHA02 

2 

310 

SHA02 

2 

310 

SHA02 

TRI 

3.5 

320 

DIN01 

>8 

320 

OKS 

1.2 


GRA04 

SKI 

TOY 

9 

320 

SHI 

6 

320 

SHI 

3.2 

300 

OHM 

1.5 

310 

YOS04 

2.0 

320 

YOS04 

1 

310 

NAG08 

2 


Y0S02 

1.8 

320 

Y0SO2 

1.5 


IVA03 

3 


HOM 

2.0 


PEN 

1 

340 

CHV 

2.0 


CHA02 

L0K04 

VEL02 

6 

324 

BAR06 

4 

315 

VEL03 

VEL03 

BAR06 

3 

325 

FIL05 

B0J01 

RAD01 

2 


B0R05 

RAD01 

7 

315 

TAN02 

7.5 

320 

SKI 

3 


SKI 

2 


GRA04 

6.5 

322 

GRA04 

1 

300 

TRI 

1 

335 

TRI 

2 

300 

MAR20 

15 


OME 

1.0 

305 

GRA04 

3.0 

320 

NAG08 

TOY 

1.5 

310 

NAG08 

1 

310 

Y0S04 

1.2 

310 

Y0SO4 

TOD 

2.0 


NAG02 

TAK06 

RAD01 

SKI 

15 

325 

CAN04 

1.5 

315 ' 

GIL01 

0.5 

330 

TRI 

£4 


GRE 

4.5 

315 

CRE01 


April 1997 


Comet C/1995 I 

D1 (Hale-Bopp) 

[cont . ] 


DATE (UT) 

N MM 

MAG. 

RF 

IP. IF/ 

PWR 

1997 02 13.65 

a M 

1.3 

i SC 

0.0 E 

i 

1997 02 13.81 

I 

1.6 

S 

0.0 E 

X 

1 

1997 02 13.82 

B 

1.5 

YG 

0.0 E 

l 

1997 02 13.82 

S 

1.6 

YG 

2.4 B 

10 

1997 02 13.83 

M 

1.1 

YG 

3.0 B 

g 

1997 02 13.83 

S 

1.2 

S 

15.0 R 5 

25 

1997 02 13.83 

S 

1.6 

AA 

0.0 E 

l 

1997 02 13.84 

B 

1.8 

YG 

3.5 B 

7 

1997 02 13.84 

I 

1.4 

AA 

0.0 E 

1 

1997 02 13.84 

I 

1.9 

YG 

0.0 E 

i 

1997 02 13.85 

B 

1.4 

AA 

0.0 E 

X 

1 

1997 02 13.85 

B 

1.8 

AA 

0.0 E 

X 

1 

1997 02 13.85 

M 

2.0 

AA 

5.0 B 

- X 

7 

1997 02 13.86 



5.0 B 

7 

1997 02 13.86 

S 

2.0 

AA 

0.0 E 

1 

1997 02 14.18 



15.0 R 8 

30 

1997 02 14.18 

S 

1.7 

AA 

0.0 E 

1 

1997 02 14.18 

! G 

1.1 

AA 

0.8 E 

1 

1997 02 14.18 

! M 

1.1 

AA 

5.0 B 

7 

1997 02 14.18 

a M 

1.4 

AA 

5.0 B 

12 

1997 02 14.19 

a S 

1.4 

SC 

0.6 E 

1 

1997 02 14.20 

w M 

1.3 

Y 

0.0 E 

X 

1 

1997 02 14.22 


1.6; 

: AA 

0.6 E 

X 

1 

1997 02 14.24 

B 

1.5 

SC 

0.7 E 

1 

1997 02 14.24 

S 

1.8 

YF 

6.3 B 

9 

1997 02 14.25 

S 

1.2 

AA 

7.0 B 

16 

1997 02 14.83 




5.0 B 

7 

1997 02 14.83 

B 

1.1 

S 

0.0 E 

i 

1997 02 14.83 

B 

1.8 

AA 

0.0 E 

X 

1 

1997 02 14.83 

S 

1.4 

AA 

0.0 E 

1 

1997 02 14.84 

! S 

1.2 

SC 

0.0 E 

X 

1 

1997 02 15.15 

M 

1.4 

YG 

0.7 E 

1 

1997 02 15.15 

~ N 

3.5 

YG 

5.0 B 

10 

1997 02 15.15 

w B 

1.3 

SC 

8.0 B 

s 

1997 02 15.15 

w B 

1.3 

SC 

8.0 B 

8 

1997 02 15.16 

S 

1.5 

SC 

4 R 7 

20 

1997 02 15.17 

s 

1.1 

SC 

0.0 E 

1 

1997 02 15.17 

s 

1.1 

SC 

0.0 E 

1 

1997 02 15.17 

! G 

0.9 

AA 

0.8 E 

1 

1997 02 15.17 

w B 

1.3 

SC 

5.0 B 

10 

1997 02 15.18 

a M 

1.3 

AA 

5.0 B 

12 

1997 02 15.20 
1997 02 15.23 

B 

B 

1.9 

1.4 

SC 

S 

0.0 E 
0.0 E 

1 

1 

1997 02 15.23 

B 

1.5 

S 

5.0 B 

7 

1997 02 15.23 

S 

1.4 

AA 

5.0 B 

8 

1997 02 15.23 

S 

1.4 

AA 

12.5 R 5 

20 

1997 02 15.23 

s B 

1.2 

S 

0.0 E 

1 

1997 02 15.23 

s B 

1.5 

S 

5.0 B 

X 

7 

1997 02 15.23 

E B 

1.6 

SC 

0.0 E 

1 

1997 02 15.24 

B 

1.3 

SC 

0.7 E 

1 

1997 02 15.24 

G 

1.5 

AA 

0.8 E 

1 

1997 02 15.25 

S 

1.2 

AA 

7.0 B 

16 

1997 02 15.25 

a I 

1.4 

AT 

0.0 E 

1 

1997 02 15.25 

a I 

1.5 

AT 

0.0 E 

1 

1997 02 15.74 

! S 

1.5 

YG 

0.7 E 

1 

1997 02 15.77 

! M 

1.6: 

YG 

5.0 B 

10 

1997 02 16.13 

M 

1.7 

AA 

3.0 R 4 

7 

L997 02 16.14 




8.0 R 10 

28 

1997 02 16.14 

G 

1.8: 

AA 

0.0 E 

i 

1997 02 16.15 

v B 

1.1 

SC 

0.0 E 

1 

1997 02 16.15 

v B 

1.3 

SC 

8.0 B 

8 

L997 02 16.16 

v B 

1.2 

sc 

0.0 E 

1 

.997 02 16.17 

9 B 

1.2 

AA 

0.0 E 

1 

.997 02 16.18 

N , 

3.4 

YG 

5.0 B 

10 

.997 02 16.19 



8.0 B 

20 


INTERNATIONAL COMET QUARTERLY 


COMA 

DC 

TAIL 

PA 

OBS. 



15 


OME 





TOY 

<20 

S4 

2 

310 

> YOS04 

18 

7 

1.5 

310 

' YDS04 

20 

7 

1.5 

310 

' KAT01 

18 

6/ 

2.0 


NAG02 

20 

7/ 

2 

310 

NAG08 


8 

4 

340 

OHM 





TSU02 


8 



OHM 



2 


Y0S02 





TOD 

15 




TOD 

12 

7 

1 

310 

TAK06 





TAK06 

23 

7 

1.35 

320 

DIE02 





DIE02 

12 

8 

11 

323 

SHA02 

9 

8 

6 

323 

SHA02 

20 

8 



TAN02 

15 

8 

3 

315 

OKS 

30 

D7 

15 

325 

CAN04 

15 

5 

0.5 

315 

GIL01 


5 

ft 1 


R0G02 

18 

8 

3 


ENT 

12 

D3 

1.1 

316 

TAY 

15 

7/ 

7.0 

320 

NAG08 

&20 

5 

ft6 

325 

FUK02 





0KA05 

20 

7/ 

3 

320 

NAG08 

20 

S7 

9 

315 

SHI 

12 

8 



GRA04 

12 

7/ 

6.5 

317 

GRA04 


8 



GRA07 


8 



RAD01 

5 

9 

0.40 

330 

TOL 

25 

4 

4 

319 

BAR06 

30 

S6 

6 

319 

ISH03 

12 

8 

5 

329 

SHA02 


8 



B0R05 

22 

8 

10 

320 

TAN02 

30 

8 



BIV 

35 

8 

1.5 

315 

TRI 

35 

6 

1.5 

315 

TRI 

45 

8 

2 

315 

BEA 

45 

8 

2 

315 

BEA 


8 

1 

300 

MAR20 

35 

8 

3 

295 

MAR20 

10 

8 


310 

GLI 


5 

4 


R0GO2 

12 

8 

9 

329 

SHA02 

15 

D3 

1.3 

313 

TAY 


7/ 

ft5 

310 

PER01 





VIT01 


8 



SKI 

10 

7/ 

1.0 


GRA04 

14 

6 

2 


MAI 

12 

S7 

0.8 

305 

GER01 





GER01 


8 



GRA07 


8 



RAD01 


8 

6.5 


B0R05 

25 

6/ 

5 

322 

CHE03 

12 

7/ 

10 

321 

GRA04 

4 

7 

4.2 

315 

VAN06 





! ■ 


jl' 

f 

Hi 


INTERNATIONAL COMET QUARTERLY 


Comet C/1995 01 

(Eale-Bopp) 

[cont 




DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

1997 

02 

16.19 


M 

1.3 

YG 

0.7 

E 


1 

1997 

02 

16.19 


S 

1.1 

YG 

0.7 

E 


1 

1997 

02 

16.19 

a 

0 

1.1 

SP 

0.0 

E 


1 

1997 

02 

16.19 

w 

B 

1.4 

AA 

0.0 

E 


1 

1997 

02 

16.21 

s 

B 

1.5 

SC 

0.0 

E 


1 

1997 

02 

16.21 

w 

B 

1.0 

S 

0.0 

E 


1 

1997 

02 

16.22 

w 

B 

1.2 

S 

0.0 

E 


1 

1997 

02 

16.23 


B 

1.3 

S 

0.0 

E 


1 

1997 

02 

16.23 


B 

1.8 

SC 

0.0 

E 


1 

1997 

02 

16.23 

s 

B 

1.1 

S 

0.0 

E 


1 

1997 

02 

16.23 

s 

B 

1.5 

S 

5.0 

B 


7 

1997 

02 

16.23 

V 

M 

1.4 

S 

3.0 

B 


6 

1997 

02 

16.24 


B 

1.4 

S 

5.0 

B 


7 

1997 

02 

16.42 

w 

B 

1.3 

AA 

0.0 

E 


1 

1997 

02 

16.65 

a 

M 

1.4 

SC 

0.0 

E 


1 

1997 

02 

16.81 


I 

1.2 

s 

0.0 

E 


1 

1997 

02 

16.82 


S 

1.3 

AA 

0.0 

E 


1 

1997 

02 

16.83 


B 

1.7 

AA 

0.0 

E 


1 

1997 

02 

17.08 


S 

1.3 

AA 

11.0 

L 

7 

32 

1997 

02 

17.14 

j 

6 

2.7: 

AA 

0.7 

E 


1 

1997 

02 

17.14 

1 

M 

3.2: 

AA 

8.0 

B 


10 

1997 

02 

17.16 





5.0 

B 


7 

1997 

02 

17.16 


G 

1.3 

AA 

0.0 

E 


1 

1997 

02 

17.16 


S 

1.3 

AA 

8.0 

B 


20 

1997 

02 

17.17 


B 

1.4 

S 

0.0 

E 


1 

1997 

02 

17.17 


S 

1.1 

AA 

0.0 

E 


1 

1997 

02 

17.17 

w 

B 

1.2 

AA 

0.0 

E 


1 

1997 

02 

17.17 

w 

M 

1.2 

Y 

0.0 

E 


1 

1997 

02 

17.18 


M 

1.5 

Y 

6.3 

R 

13 

33 

1997 

02 

17.18 


S 

0.8 

AA 

6.3 

R 

13 

52 

1997 

02 

17.18 

a 

B 

1.3 

AT 

0.0 

E 


1 

1997 

02 

17.18 

-a 

M 

1.0 

S 

5 

R 


1 

1997 

02 

17.21 

a 

0 

1.1 

SP 

0.0 

E 


1 

1997 

02 

17.23 


B 

1.4 

S 

5.0 

B 


7 

1997 

02 

17.24 


M 

1.2 

S 

5.0 

B 


7 

1997 

02 

17.24 

a 

B 

1.7 

AT 

3.5 

R 


1 

1997 

02 

17.24 

a 

I 

1.5 

AT 

0.0 

E 


1 

1997 

02 

17.24 

s 

B 

1.5 

S 

5.0 

B 


7 

1997 

02 

17.47 


G 

1.1: 

SC 

0.0 

E 


1 

1997 

02 

17.65 

a 

M 

1.5 

SC 

0.0 

E 


1 

1997 

02 

17.83 


S 

1.1 

S 

15.0 

R 

5 

25 

1997 

02 

17.85 


B 

1.3 

YG 

3.5 

B 


7 

1997 

02 

18.11 


B 

1.5 

HD 

5.0 

B 


7 

1997 

02 

18.11 


B 

1.9 

HD 

3.5 

B 


7 

1997 

02 

18.12 


S 

0.7 

SC 

0.0 

E 


1 

1997 

02 

18.14 


S 

0.9 

SC 

8.0 

B 


12 

1997 

02 

18.16 


B 

1.5 

AA 

2.0 

B 


2 

1997 

02 

18.16 


S 

1.2 

Y 

0.0 

E 


1 

1997 

02 

18.16 

w 

M 

1.1 

AA 

0.0 

E 


1 

1997 

02 

18.17 


S 

0.6 

AA 

6.3 

R 

13 

52 

1997 

02 

18.17 

i 

G 

1.2 

AA 

0.7 

E 


1 

1997 

02 

18.17 

; 

M 

1.4 

AA 

5.0 

B 


7 

1997 

02 

18.17 

a 

M 

0.8 

S 

5 

R 


1 

1997 

02 

18.18 


B 

1.1 

Y 

0.0 

E 


1 

1997 

02 

18.18 


B 

1.4 

S 

0.0 

E 


1 

1997 

02 

18.18 


S 

1.2 

Y 

0.0 

E 


1 

1997 

02 

18.18 

a 

M 

1.1 

S 

5 

R 


1 

1997 

02 

18.18 

a 

0 

1.6 

SP 

0.0 

E 


1 

1997 

02 

18.19 

i 

V 

1.0 

YF 

6.4 

A 

3 

a 1 

1997 

02 

18.20 

a 

M 

0.8 

TI 

5 

R 


1 

1997 

02 

18.20 

a 

0 

1.1 

SP 

0.0 

E 


1 

1997 

02 

18.20 

W 

B 

1.4 

AA 

0.0 

E 


1 

1997 

02 

18.22 


S 

1.4 

SC 

6.3 

B 


9 

1997 

02 

18.24 


B 

1.3 

S 

5.0 

B 


7 

1997 

02 

18.76 


B 

1.8 

AA 

7.0 

B 


16 
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COMA 

DC 

TAIL 

PA 

OBS. 

&12 

8 

5 


GRA04 


8 

3.5 


SKI 

45 

7 

12 

340 

ZNO 

VAN06 

12 

8 

>8 

310 

GLI 


8 

3 

290 

SAN04 


8/ 

5 

315 

MAR02 

35 

8 

1.5 

315 

TRI 

20 

8 



BIV 


8 

1 

300 

MAR20 

35 

8 

3 

290 

MAR20 

20 

7 

5 

320 

MAR02 

35 

6 

1.5 

315 

TRI 


8 



GRE 



12 


OME 





TOY 

&20 

7/ 

2 

320 

NAG08 

OKA05 

20 

6 

1.8 


IVA03 

6 

7 



SHA02 

6 

7 

0.33 

317 

SHA02 

16 

S7 

6 

315 

VEL03 

20 

S5 

3 

318 

VEL03 

20 


8.5 

320 

ANZ 

18 

6 

1.20 

310 

HAL04 

ANZ 

25 

6 

6 

322 

CHE03 

30 

D7 

&15 

310 

CAN 04 


S6 

9 

310 

HOR 

14 

S9 

23.3 

295 

KOS 

MIL02 

35 

7/ 



H0R02 

35 

7 



ZNO 

30 

6 

1 

310 

TRI 

12 

S8/ 

6 


G0N05 

PER01 


8 

fe9 

310 

PER01 

<40 

8 

2 

285 

MAR20 

11 

7 

1.0 

315 

CRE01 



10 


OME 

20 

7 

2.8 


NAG02 

20 

8 

6 

320 

OHM 

20 

S7/ 

6 

318 

M0R04 

17 

S7/ 

5 

310 

HAR09 

35 

S6 

7 

320 

ISH03 

30 

56 

6 

320 

ISH03 

13 

7 



KOZ 

11 

S7/ 

7 

313 

SAN07 

30 

6 

7 

322 

CHE03 

14 

S9 

25 

295 

KOS 

5 

7 



SHA02 

4 

8 

1.5 

303 

SHA02 

40 

7/ 

6 

325 

H0R02 

20 

S8 

5 

300 

SAR02 

12 

7 

0.75 

305 

HAL04 

10 

8 

1.5 

290 

KES01 

30 

7/ 

4 

325 

PLS 

25 

6 

4 


POD 

440 

8 



MIK 

25 

7 

4 


DVD 

35 

7 

11 


. ZNO 
VAN06 

2 

7 

3 

320 

DIN01 

30 

6 

1 

320 

TRI 

8 

D6 



TAY 



April 1997 


DATE 

1997 


(UT) 


18.85 

18.86 


19.11 

19.12 
19.12 
19.12 


19.16 

19.18 


02 18.76 
1997 02 18.77 
1997 02 18.85 
1997 02 18.85 
1997 02 18.85 
1997 02 18.85 
1997 02 
1997 02 _ 

1997 02 18.86 
1997 02 18.86 
1997 02 19.10 
1997 02 
1997 02 
1997 02 
1997 02 
1997 02 19.12 
1997 02 19.13 
1997 02 19.13 
1997 02 19.14 
1997 02 19.15 
1997 02 19.15 
1997 02 19.16 
1997 02 
1997 02 
1997 02 19.20 
1997 02 19.21 
1997 02 19.21 
1997 02 19.22 
1997 02 19.22 
1997 02 19.23 
1997 02 19.23 
1997 02 19.24 
1997 02 19.24 
1997 02 19.24 
1997 02 19.82 
1997 02 19.83 
1997 02 19.83 
1997 02 19.83 
1997 02 19.84 
1997 02 19.84 
1997 02 19.84 
1997 02 19.85 
1997 02 19.85 
1997 02 19.85 
1997 02 19.86 
1997 02 19.86 
1997 02 19.86 
1997 02 19.87 
1997 02 20.09 
1997 02 20.11 
1997 02 20.12 
1997 02 20.13 
1997 02 20.14 
1997 02 20.14 
1997 02 20.15 
1997 02 20.17 
1997 02 20.17 
1997 02 20.20 
1997 02 20.20 
1997 02 20.21 
1997 02 20.22 
1997 02 20.23 
1997 02 20.23 
1997 02 20.23 
1997 02 20.23 


01 (Hale-Bopp) 

[cont . ] 

N MM MAG. RF 

AP. T 

S 0.6 AA 

7.0 B 

! M 1.4 AA 

5.0 B 

B 0.9 AA 

0.0 E 

B 1.4: AA 

0.0 E 

B 1 . 6 : AA 

5.0 B 

I 1.3 AA 

0.0 E 

M 1.1 AA 

3.5 B 

B 1.3 AA 

0.0 E 

I 1.5 S 

0.0 E 

M 1.0 T 

0.0 E 

G 1.3 Y 

0.0 E 

B 1.7 HD 

3.5 B 
8.0 R 

B 1.5 HD 

5.0 B 

G 1.7: AA 

0.0 E 

w I 0.9 SC 

0.0 E 

B 1.3: SC 

0.0 E 

w B 1.1 SC 

0.0 E 

S 0.8 SC 

0.0 E 

S 0.8 SC 

0.0 E 

w B 1.2 SC 

0.0 E 

w B 1.2 SC 

0.0 E 

w B 1.2 SC 

0.0 E 

w B 1.0: AA 

0.0 E 

w B 1.4 SC 

0.0 E 

S 1.3 AA 

0.0 E 

w B 1.2 S 

0.0 E 

1.3: AA 

0.6 E 

w B 1.3 S 

3.0 B 

B 1.1 S 

0.0 E 

B 1.2 S 

5.0 B 

M 1.1 S 

5.0 B 

"B-B 1.1 S 

0.0 E 

s B 1.4 S 

5.0 B 

I 1.2 S 

0.0 E 

B 1.1 YG 

0.0 E 

S 1.0 S 

15.0 R 

S 1.1 AA 

0.0 E 

B 1.4 AA 

0.0 E 

I 1.1 AA 

0.0 E 

S 1.3 YG 

2.4 B 

B 1.4: AA 

0.0 E 

B 1.6: AA 

8.0 B 

I 0.8 AA 

0.0 E 

B 1.2 YG 

0.0 E 

C 1.0 YF 

2.5 A 

M 0.9 YG 

3.0 B 

B 1.3 AA 

0.0 E 

G 1.0 AA 

0.0 E 

M 1.5 AA 

3.0 R ■ 

B 1.4 HD 

5.0 B 

v I 0.8 SC 

0.0 E 

S 0.7 SC 

0.0 E 

w S 0.6 SC 

0.0 E 

S 1.1 Y 

0.0 E 
5.0 B 

S 1.5 AA 

0.0 E 

1.2 AA 

0.6 E 

a B 1.0 AA 

0.7 E 

S 1.2 AA 

5.0 B 

B 1.4 S 

0.0 E 

B 1.0 S 

0.0 E 

B 1.2 S 

5.0 B 

G 1.1 AA 

0.7 E 

I 1.0 AA 

0.8 E 


F/ 


10 


113 


PWR 

16 

7 

1 

1 

7 

1 

7 

1 

1 

1 

1 

7 

28 

7 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

6 

1 

7 

7 

1 

7 

1 


INTERNATIONAL COMET QUARTERLY 


8 

1 

1 

7 

7 
1 
1 
1 
1 

8 
1 
1 
1 

10 

1 

1 

7 

1 

1 


COMA 

DC 

TAIL 

PA 

OBS. 


8 

D6 



TAY 


7 

7 

0.33 

350 

SHA02 




5 


YOS02 


420 

6 

&3 

310 

MIY01 

•; , v ; 

20 

D7 

7 

310 

MIY01 

•iu; 





TSU02 

— 

20 

8 

7 

325 

YOS02 






TOD 

-X; 





TOY 


25 

7 

9 

320 

K0B01 

ii 


S8 



M0SO3 


17 

S7/ 

6 

320 

HAR09 


10 

S6 

>1.3 

326 

GER01 

n't 

20 

S7/ 

7 

318 

M0R04 






GER01 



4 

5 


FIL05 


425 

56 

A3 

320 

MAN01 



8 

3.5 


VEL02 


40 

4 

4 

313 

BAR06 


40 

5 

4 


LUK04 



8 

ft 



B0J01 



22 

12 

16 

25 

12 

30 

30 

25 

12 

30 


41 

20 

18 

14 

20 

50 

50 

9 

25 

12 

30 

8 

30 

25 

18 


8 

6 

8 

7 

7/ 

7 

7 

8 

7 

S8/ 

8 
8 


6.5 

4 

>8 

3 

4 

2.0 

6 

2 

4 

8 

1 

3 


RAD01 
BORO 5 
323 CHE03 
325 GLI 
300 BAR 
310 MAR02 
315 GIL01 
320 KAR02 
310 TRI 
320 TRI 
G0NO5 
290 MAR20 
270 MAR20 


1 

&20 

S5 

3 

310 

Y0S04 

25 

22 

7 

3.0 


NAG02 

1 

&20 

7/ 

3 

320 

NAG08 

1 

1 

10 

15 

S6 

3 

3 

320 

0KA05 

WAS 

Y0SO4 

1 

&20 

6 

5 

300 

MIY01 

11 

20 

D7 

7 

300 

MIY01 


9 

6 

S8 

5 
4 
4 

58 

7 

8 

6 

7 

8 

7 

8 


7.5 

1.5 

0.8 

2.5 
7 


3 

1.5 

2.5 

4 

0.75 

3 

6 

2 


TSU02 

NAK01 

319 NAK01 
310 KATOi 

TOD 

320 SER 
MAI 

320 MOR04 
FIL05 
BAR06 
BAR06 
315 SAN07 
313 DIE02 
DIE02 
315 GIL01 
BOU 
290 FOG 
300 HAL 04 
310 TRI 
320 TRI 
304 SHA02 
HAS02 


$: 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE 

CUT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 

02 

20.23 

M 

1.1 

AA 

5.0 

B 


7 

7 

8 

3.5 

322 

SHA02 

1997 

02 

20.23 

w B 

1.2 

SC 

0.0 

E 


1 


8 



GLI 

1997 

02 

20.25 

B 

1.3 

SC 

0.7 

E 


1 


5 

3.5 


R0G02 

1997 

02 

20.40 

Gw B 

1.1 

AA 

0.0 

E 


1 


8 

42 


GRE 

1997 

02 

20.45 

G 

1.0 

SC 

0.0 

E 


1 

11 

8 

2.0 

315 

CRE01 

1997 

02 

20.45 

M 

1.1 

SC 

5.0 

B 


10 

9 

9 

5 

315 

CRE01 

1997 

02 

20.75 

! M 

1.2: 

YG 

0.7 

E 


1 

12 

8 



GRA04 

1997 

02 

20.75 

! N 

3.2 

YG 

5.0 

B 


10 


8 

2 

290 

GRA04 

1997 

02 

20.76 

! S 

0.9: 

YG 

0.7 

E 


1 


8/ 

1.5 


SKI 

1997 

02 

20.81 

I 

1.5 

S 

0.0 

E 


1 





TOY 

1997 

02 

20.83 

! S 

1.1 

SC 

0.0 

E 


1 

17 

S8 

7 

320 

SHI 

1997 

02 

20.84 

B 

1.5 

AA 

0.0 

E 


1 





0KAO5 

1997 

02 

20.84 

I 

1.5 

YG 

0.0 

E 


1 


8 

1 

300 

Y0S04 

1997 

02 

20.84 

S 

1.5 

YG 

2.4 

B 


10 

&15 

s7 

1 

310 

Y0S04 

1997 

02 

21.12 

B 

1.4 

HD 

5.0 

B 


7 

18 

S8 

6 

320 

M0R04 

1997 

02 

21.14 

B 

1.9: 

AA 

5.0 

B 


7 

5 

6 

2 


HOM 

1997 

02 

21.14 

M 

1.5 

AA 

3.0 

R 

4 

7 

14 

6 

3 


MAI 

1997 

02 

21.16 

B 

0.5 

Y 

5.0 

B 


10 

20 

S6 

8 

325 

BUS04 

1997 

02 

21.17 

M 

1.3 

Y 

6.0 

B 


20 





TUB 

1997 

02 

21.17 

S 

1.0 

Y 

0.0 

E 


1 

10 

S8 

4 

320 

SAN07 

1997 

02 

21.17 

a B 

1.2 

AT 

0.0 

E 


1 





MIL02 

1997 

02 

21.18 

B 

1.5 

AA 

0.0 

E 


1 

20 


4.5 

308 

STO 

1997 

02 

21.20 

S 

1.0 

SC 

0.7 

E 


1 

30 

7/ 



MCK 

1997 

02 

21.20 

S 

1.0 

YG 

0.7 

E 


1 


8 

2.5 


SKI 

1997 

02 

21.20 

! V 

0.9 

YF 

2.3 

A 

4 

a 5 

440 

8 

45 

320 

MIK 

1997 

02 

21.23 

B 

0.9 

S 

0.0 

E 


1 

30 

8 

0.5 

330 

TRI 

1997 

02 

21.23 

B 

1.0 

S 

5.0 

B 


7 

25 

7 

3 

320 

TRI 

1997 

02 

21.67 

M 

1.3 

SC 

0.0 

E 


1 





OME 

1997 

02 

21.73 

I 

1.2 

AA 

0.7 

E 


1 





MOE 

1997 

02 

21.81 

I 

1.3 

S 

0.0 

E 


1 





TOY 

1997 

02 

21.83 

B 

1.3 

AA 

0.0 

E 


1 





0KAO5 

1997 

02 

21.84 

— B 

1.2 

YG 

0.0 

E 


1 

420 

S5 

1.5 

310 

YOS04 

1997 

02 

21.84 

S 

0.8 

S 

15.0 

R 

5 

25 

20 

7 

3.0 


NAG02 

1997 

02 

21.84 

S 

1.3 

YG 

2.4 

B 


10 

418 

si 

2 

320 

YOS04 

1997 

02 

22.11 

M 

1.5 

AA 

3.0 

R 

4 

7 

14 

6 

3 


MAI 

1997 

02 

22.18 

! V 

0.9 

YF 

2.3 

A 

4 

a 10 

435 

8 



MIK 

1997 

02 

22.20 

S 

1.1 

SC 

0.7 

E 


1 





MCK 

1997 

02 

22.21 

M 

1.4: 

AA 

5.0 

B 


7 

7 

8 

2 

307 

SHA02 

1997 

02 

22.21 

S 

1.2: 

AA 

0.7 

E 


1 

10 

8 

1 

300 

SHA02 

1997 

02 

22.65 

M 

1.1 

SC 

0.0 

E 


1 





OME 

1997 

02 

22.82 

B 

1.0 

YG 

0.0 

E 


1 


8 

1 

305 

Y0S04 

1997 

02 

22.82 

S 

1.1 

YG 

2.4 

B 


10 

15 

si 

1.5 

315 

Y0SO4 

1997 

02 

22.85 

B 

1.0 

YG 

0.0 

E 


1 





NAK01 

1997 

02 

22.85 

I 

1.1 

S 

0.0 

E 


1 





TOY 

1997 

02 

23.14 

M 

1.2 

Y 

6.0 

B 


20 

40 

4 

5 


TOB 

1997 

02 

23.15 

M 

0.9 

Y 

0.0 

E 


1 

11 

S6/ 

2 

300 

SAN07 

1997 

02 

23.16 




5.0 

B 


10 

11.5 

8 

2.0 

300 

HAS02 

1997 

02 

23.16 




5.0 

B 


10 

11.5 

8 

4.0 

315 

HAS02 

1997 

02 

23.16 

s B 

1.2 

AA 

0.6 

E 


1 


S8 

0.6 


MEY 

1997 

02 

23.16 

E M 

1.4 

AA 

5.0 

B 


10 

9.5 

S7 

1.8 


MEY 

1997 

02 

23.17 

B 

1.2 

S 

0.0 

E 


1 

12 

7 

0.67 

320 

HAL04 

1997 

02 

23.17 

S 

0.4 

AA 

6.3 

R 

13 

52 

14 

S9 


297 

KOS 

1997 

02 

23.17 

S 

1.3 

AA 

0.7 

E 


1 

17 

S2 

15.5 

304 

CSU 

1997 

02 

23.18 

I 

0.9 

AA 

0.8 

E 


1 





HAS02 

1997 

02 

23.18 

M 

1.2: 

S 

3 

R 


1 

30 

7/ 

2 

320 

PLS 

1997 

02 

23.19 

! V 

0.8 

YF 

2.3 

A 

4 

a 5 

430 

8 



MIK 

1997 

02 

23.19 

a M 

0.7 

TI 

5 

R 


1 

30 

7 

5 


DVO 

1997 

02 

23.19 

a 0 

0.8 

SP 

0.0 

E 


1 

40 

11 

13 


ZNO 

1997 

02 

23.41 

Gw B 

0.9 

AA 

0.0 

E 


1 


8 

12.5 


GRE 

1997 

02 

23.69 

v B 

0.8: 

SC 

0.0 

E 


1 

430 

3 



BAR06 

1997 

02 

23.75 

! S 

0.9 

YG 

0.7 

E 


1 


8/ 

1 


SKI 

1997 

02 

23.81 

I 

1.2 

S 

0.0 

E 


1 





TOY 

1997 

02 

23.85 

B 

1.1 

AA 

0.0 

E 


1 





TOD 

1997 

02 

23.85 

B 

1.3: 

AA 

0.0 

E 


1 

420 

6 

42 

290 

MIY01 

1997 

02 

23.85 

B 

1.4: 

AA 

5.0 

B 


7 

20 

D7 

3 

290 

MIY01 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE CUT) 

N MM 

MAG. 

RF 

AP . T F/ 

PWR 

1997 02 23.85 

M 

0.9 

YG 

3.0 B 

8 

1997 02 23.86 

S 

0.5 

S 

15.0 R 5 

25 

1997 02 24.13 

B 

1.2 

HD 

5.0 B 

7 

1997 02 24.14 

B 

0.5 

SC 

0.0 E 

1 

1997 02 24.14 

S 

0.3 

SC 

0.0 E 

1 

1997 02 24.14 

S 

0.5 

SC 

0.0 E 

1 

1997 02 24.16 

S 

1.3 

AA 

0.7 E 

1 

1997 02 24.17 

S 

0.4 

AA 

6.3 R 13 

52 

1997 02 24.20 

S 

1.2 

Y 

0.0 E 

1 

1997 02 24.23 

B 

0.7 

S 

0.0 E 

1 

1997 02 24.23 

B 

0.8 

S 

5.0 B 

7 

1997 02 24.25 

S 

1.3 

SC 

3.0 B 

8 

1997 02 24.42 

w B 

0.8 

AA 

0.0 E 

1 

1997 02 24.69 

w S 

0.8 

: SC 

8.0 B 

12 

1997 02 24.82 

B 

1.1 

YG 

0.0 E 

1 

1997 02 24.82 

I 

1.1 

S 

0.0 E 

1 

1997 02 24.82 

S 

1.1 

YG 

2.4 B 

10 

1997 02 24.83 

I 

0.9 

AA 

0.0 E 

1 

1997 02 24.83 

I 

1.1 

AA 

0.0 E 

1 

1997 02 24.84 

B 

1.1 

AA 

0.0 E 

1 

1997 02 24.84 

S 

0.7 

SC 

0.0 E 

1 

1997 02 25.06 

S 

0.9 

AA 

11.0 L 7 

32 

1997 02 25.08 

M 

1.4 

AA 

3.0 R 4 

7 

1997 02 25.11 




8.0 R 10 

28 

1997 02 25.11 

6 

1.5: 

AA 

0.0 E 

1 

1997 02 25.13 

I 

0.4 

SC 

0.0 E 

1 

1997 02 25.14 

B 

0.5 

SC 

0.0 E 

1 

1997 02 25.14 

v B 

0.9 

SC 

5.0 B 

10 

1997 02 25.14 

w G 

0.2 

SC 

0.0 E 

1 

1997 02 25.14 

w G 

0.3 

SC 

0.0 E 

1 

1997 02 25.15 

w B 

1.1 

SC 

0.0 E 

1 

1997 02 25.17 

M 

1.0 

Y 

0.0 E 

1 

1997 02 25.21 

— G 

0.7 

AA 

0.7 E 

1 

1997 02 25.23 

B 

0.5 

SC 

0.7 E 

1 

1997 02 25.23 

B 

-0.4 

SC 

6.3 R 

53 

1997 02 25.24 

S 

1.0 

SC 

6.3 B 

9 

1997 02 25.43 

Gw B 

0.7 

AA 

0.0 E 

1 

1997 02 25.44 

G 

0.8 

SC 

0.0 E 

1 

1997 02 25.78 

B 

2.0 

AA 

7.0 B 

16 

1997 02 25.81 

I 

1.0 

S 

0.0 E 

1 

1997 02 25.81 

I 

1.0 

S 

0.0 E 

1 

1997 02 25.83 

B 

1.2 

AA 

0.0 E 

1 

1997 02 25.83 

S 

0.7 

SC 

0.0 E 

1 

1997 02 25.84 

B 

0.8 

YG 

0.0 E 

1 

1997 02 25.84 

S 

0.9 

YG 

2.4 B 

10 

1997 02 26.13 

w B 

0.9 

SC 

0.0 E 

1 

1997 02 26.14 

M 

0.8 

YG 

0.7 E 

1 

1997 02 26.14 

N 

2.8 

YG 

5.0 B 

10 

1997 02 26.14 

w B 

0.9 

SC 

0.0 E 

1 

1997 02 26.15 

N 

5.6: 

YG 

20.3 T 10 

123 

1997 02 26.15 

w B 

0.9 

SC 

0.0 E 

1 

1997 02 26.15 

w B 

1.0 

SC 

0.0 E 

1 

1997 02 26.17 

S 

1.1 

AA 

0.0 E 

1 

1997 02 26.19 

S 

0.8 

YG 

0.7 E 

1 

1997 02 26.21 

S 

1.1: 

AA 

0.6 E 

1 

1997 02 26.23 

B - 

0.7 

SC 

6.3 R 

53 

1997 02 26.23 

S 

0.7 

SC 

0.7 E 

1 

1997 02 26.78 

! G 

1.1 

AA 

0.7 E 

1 

1997 02 26.78 

! M 

0.9: 

YG 

5.0 B 

10 

1997 02 26.82 

S 

0.4 

S 

15.0 R 5 

25 

1997 02 26.84 

I 

1.1 

AA 

0.0 E 

1 

1997 02 27.07 

S 

0.6 

AA 

11.0 L 7 

32 

1997 02 27.13 

B 

1.2 

SC 

7.0 B 

40 

1997 02 27.15 

M 

0.7 

YG 

0.7 E 

1 

1997 02 27.15 

N 

2.8 

YG 

5.0 B 

10 


INTERNATIONAL COMET QUARTERLY 


COMA 

DC 

TAIL 

PA OBS . 

20 

7 

2.0 

300 KAT01 

25 

7/ 

3.5 

NAG02 

18 

S8 


MOR04 

35 

4 

5 

338 BAR06 

35 

4 


LUK04 

35 

S6 

5 

340 ISH03 

17 

S2 

15.5 

311 CSU 

14 

S9 


KOS 

10 

8 


SRA 

20 

8 


TRI 

25 

7 

2 

320 TRI 

3.5 

7 

3 

DIN01 


8 

41.5 

GRE 

&15 

7 


BAR06 


8 


YOS04 




TOY 

12 

s7 

0.6 

305 Y0SO4 

&15 

8 

1 

330 NAG08 




YOS 




TOD 

18 

D8 

7 

325 SHI 

20 

6 

2 

IVA03 

15 

6 

3 

MAI 

10 

S6 

>1.2 

310 GER01 




GER01 

28 

S6 

6.5 

338 ISH03 

35 

4/ 


BAR06 


8 


B0R05 


6 


L0K04 

35 

4/ 


BAR06 


8 


RAD01 

20 

7 

4 

BRL 

10 

8 

3 

321 SHA02 


5 

46 

R0G02 


7 

4 

POPOl 

3 . 5 

7 

3 

320 DIN01 


8 

42.5 

GRE 

10 

8 

2.0 

310 CRE01 

10 

7 

1.5 

330 TAY 



1 

310 TOY 



1 

310 TOY 


8 

1 

OKA05 

20 

D8 

8 

320 SHI 

15 

S4 

1 

310 Y0S04 

15 

s7 

1.5 

310 Y0S04 


8 


RAD01 


8/ 

3 

GRA04 

10 

8 

7.0 

319 GRA04 


8 


B0R05 




GRA04 


8 

3.5 

BOJOl 


8 


J0R01 




DIE02 


8 

3 

SKI 

12 

8 

2.5 

315 GIL01 


7 

4.5 

POPOl 




MCK 

12 

8 

1 

296 SHA02 

12 

7/ 

2 

GRA04 

22 

7 

4 

NAG02 




YOS 

15 

5/ 

2.2 

- IVA03 



5 

CHA02 


8/ 

3 

GRA04 

10 

7/ 

10 

321 GRA04 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

1997 

02 

27.15 


s 

0.9 

AA 

5.0 

B 


10 

1997 

02 

27.16 

a 

M 

0.5 

S 

5 

R 


1 

1997 

02 

27.18 


M 

0.6 

Y 

10 

B 


25 

1997 

02 

27.18 


S 

0.7 

AA 

0.0 

E 


1 

1997 

02 

27.19 


N 

5.8 

YG 

20.3 

T 

10 

123 

1997 

02 

27.19 

a 

M 

0.3 

TI 

5 

R 


1 

1997 

02 

27.19 

a 

M 

0.4 

S 

3 

R 


1 

1997 

02 

27.20 

a 

0 

0.6 

SP 

0.0 

E 


1 

1997 

02 

27.21 

a 

B 

0.6 

AA 

0.7 

E 


1 

1997 

02 

27.23 


B 

-0.8 

SC 

6.3 

R 


53 

1997 

02 

27.24 


S 

1.0 

YF 

3.0 

B 


8 

1997 

02 

27.24 


S 

1.1 

AA 

5.0 

B 


8 

1997 

02 

27.75 


I 

1.0 

AA 

0.7 

E 


1 

1997 

02 

28.05 


S 

0.6 

AA 

11.0 

L 

7 

32 

1997 

02 

28.12 


B 

1.2 

AA 

5.0 

B 


7 

1997 

02 

28.14 


S 

0.6 

AA 

6.0 

B 


20 

1997 

02 

28.15 

V 

M 

0.7 

Y 

0.0 

E 


1 

1997 

02 

28.16 


B 

0.5 

Y 

0.0 

E 


1 

1997 

02 

28.16 


B 

1.0 

AA 

0.0 

E 


1 

1997 

02 

28.16 


M 

0.6 

Y 

0.0 

E 


1 

1997 

02 

28.16 

a 

G 

0.8 

AA 

0.6 

E 


1 

1997 

02 

28.17 





5.0 

B 


7 

1997 

02 

28.17 


M 

0.6 

Y 

10 

B 


25 

1997 

02 

28.17 


S 

0.8 

AA 

0.7 

E 


1 

1997 

02 

28.17 


S 

1.4 

AA 

0.0 

E 


1 

1997 

02 

28.17 

a 

B 

0.5 

AT 

0.0 

E 


1 

1997 

02 

28.18 


S 

1.1 

Y 

0.0 

E 


1 

1997 

02 

28.18 

a 

B 

0.5 

AA 

0.7 

E 


1 

1997 

02 

28.19 


I 

0.6 

AA 

0.8 

E 


1 

1997 

02 

28.19 


S 

0.6 

AA 

0.0 

E 


1 

1997 

02 

28.19 

; 

V 

0.5 

YF 

2.3 

A 

4 

a 3 

1997 

02 

28.19 

If 

M 

0.5 

S 

5 

R 


1 

1997 

02 

28.20 


S 

1.0 

YF 

3.0 

B 


8 

1997 

02 

28.20 

a 

0 

0.6 

S 

0.0 

E 


1 

1997 

02 

28.20 

a 

0 

0.6 

SP 

0.0 

E 


1 

1997 

02 

28.70 

w 

S 

0.5 

SC 

0.0 

E 


1 

1997 

02 

28.73 


B 

0.5 

SC 

8.0 

B 


12 

1997 

02 

28.74 

a 

M 

0.8: 

Y 

5.0 

B 


7 

1997 

02 

28.83 


I 

0.8 

S 

0.0 

E 


1 

1997 

02 

29.09 





5.0 

B 


7 

1997 

02 

29.13 


I 

0.0 

SC 

0.0 

E 


1 

1997 

03 

01.07 


B 

1.0 

SC 

7.0 

B 


40 

1997 

03 

01.08 


G 

0.6 

Y 

0.0 

E 


1 

1997 

03 

01.11 

; 

G 

0.0 

AA 

0.7 

E 


1 

1997 

03 

01.13 


S 

0.8 

AA 

6.0 

B 


20 

1997 

03 

01.13 

W 

B 

0.6 

SC 

0.0 

E 


1 

1997 

03 

01.15 


S 

0.8 

AA 

0.7 

E 


1 

1997 

03 

01.16 


B 

1.5 

SC 

3.5 

R 

5 

30 

1997 

03 

01.16 


S 

0.0 

AA 

6.3 

R 

13 

52 

1997 

03 

01.16 

w 

M 

0.5 

Y 

0.0 

E 


1 

1997 

03 

01.17 

a 

M 

0.7 

Y 

5.0 

B 


7 

1997 

03 

01.17 

a 

0 

0.6 

SP 

0.0 

E 


1 

1997 

03 

01.17 

w 

B 

0.7 

SC 

0.0 

E 


1 

1997 

03 

01.18 


B 

0.5 

S 

0.0 

E 


1 

1997 

03 

01.18 

a 

0 

0.1 

Y 

0.0 

E 


1 

1997 

03 

01.19 


S 

1.0 

AA 

0.0 

E 


1 

1997 

03 

01.19 

a 

B 

0.5 

AA 

0.7 

E 


1 

1997 

03 

01.20 


B 

0.3 

SC 

0.7 

E 


1 

1997 

03 

01.21 


S 

0.8 

SC 

0.7 

E 


1 

1997 

03 

01.22 


S 

0.7 

YF 

6.3 

B 


9 

1997 

03 

01.22 

s 

G 

0.4 

AT 

0.0 

E 


1 

1997 

03 

01.22 

s 

I 

0.4 

AT 

0.0 

E 


1 

1997 

03 

01.22 

s 

I 

0.5 

AT 

0.0 

E 


1 

1997 

03 

01.23 

s 

B 

0.2 

AT 

3.5 

R 


1 

1997 

03 

01.23 

s 

G 

0.5 

AT 

0.0 

E 


1 
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COMA 

DC 

TAIL 

PA 

OBS. 

12 

7 

4 

330 

MOE 

25 

8 

10 

315 

HDR02 

25 

7 

2.5 

345 

HYN 

20 

8 

5.5 

297 

BAR 

GRA04 

25 

7/ 

4 


DVO 

40 

7/ 

8 

310 

PLS 

25 

8 



ZNO 


8 



BOU 


7 

4.5 


POPOl 

12 

8 

7 


ENT 

20 

8 

1 

315 

BEA 

10 

8 

3 

320 

MOE 

14 

5/ 

2.2 


IVA03 

10 

S8 

10 

314 

VEL03 


8 



SCU 

35 

D8 

8 

315 

CAN04 

15 

S8 

10 

310 

SAR02 

STO 

15 

s8 

5 

315 

SAN07 


8 



KAM01 

24 

7 

4 

307 

DIE02 

25 

7 

3 


HYN 

17 

S2 

15 

300 

CSU 

DIE02 

MIL02 

8 

7 

2 

305 

SRA 

BOU 

HAS02 

25 

8/ 

6 

300 

ZAN 

+29 

8 

A5 

325 

MIK 

25 

8 

4 

285 

H0R02 


8 

6 


ENT 

25 


2 


LIB 

25 

7/ 

>8 


ZNO 

45 

4/ 



BAR06 

40 

6 

12 


BAR06 

10 

8 

>2 


KYS 



0.5 

300 

TOY 

11 

S8 

7.5 

321 

VEL03 

28 

S6 

9.5 

330 

ISH03 



5 


CHAO 2 


S8 



M0S03 

12 

8 

1 

304 

SHA02 


8 



SCU 


8 



BOR05 

17 

S2 



CSU 

4.5 

8 

0.25 

30 

APE 

12 

S9 


337 

KDS 

25 

D8 

8 

315 

CAN04 

15 

9 

10 

335 

KYS 

30 

6 

5 


POD 


8 



VEL02 

12 

7 

1.75 

300 

HAL04 

10 

8 

10 

335 

KYS 

DIE02 

BOU 


5 

6 


R0G02 

20 

8 

5 


MCK 

12 

8 

5 

330 

ENT 

PER01 


D8 

A9 

320 

PER01 



*7 

325 

VIT01 

PER01 

VIT01 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T 

F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 

03 

01.72 


B 

0.3 

SC 

0.0 

E 


1 

35 

4/ 

14 


BAR06 

1997 

03 

01.72 

V 

G 

0.1 

SC 

0.0 

E 


1 

35 

4/ 

14 


BAR06 

1997 

03 

01.81 


B 

0.9 

AA 

0.0 

E 


1 


9 

4 


0KAO5 

1997 

03 

01.82 


B 

0.6 

YG 

0.0 

E 


1 

20 

S4 

3 

300 

Y0S04 

1997 

03 

01.82 


S 

0.7 

YG 

2.4 

B 


10 

15 

s7 

3 

290 

Y0S04 

1997 

03 

01.83 


S 

0.3 

S 

15.0 

R 

5 

25 

22 

7 

5 


NAG02 

1997 

03 

01.84 


M 

0.0 

AA 

0.0 

E 


1 



3.0 

330 

TSU02 

1997 

03 

02.07 


B 

1.0 

SC 

7.0 

B 


40 



5 


CHA02 

1997 

03 

02.07 


S 

0.4 

AA 

11.0 

L 

7 

32 

17 

6 

4.5 


IVA03 

1997 

03 

02.09 


G 

0.7 

AA 

0.0 

E 


1 

21 

S7 

4 

310 

VEL03 

1997 

03 

02.13 

w 

B 

0.6 

SC 

0.0 

E 


1 


8 



VEL02 

1997 

03 

02.14 

a 

H 

0.3 

S 

5 

R 


1 

35 

7 

5 

315 

H0R02 

1997 

03 

02.15 


S 

0.8 

AA 

0.7 

E 


1 

17 

52 

15 

297 

CSU 

1997 

03 

02.15 

w 

B 

0.5 

SC 

0.0 

E 


1 


8 



B0R05 

1997 

03 

02.16 


B 

0.3 

Y 

0.0 

E 


1 

20 

S7 

17 

320 

SAR02 

1997 

03 

02.16 


B 

0.4 

Y 

0.0 

E 


1 

25 

S7 

13 

325 

SZE02 

1997 

03 

02.16 


S 

-0.1 

AA 

6.3 

R 

13 

52 

12 

S9 


340 

KOS 

1997 

03 

02.16 

a 

0 

0.5 

SP 

0.0 

E 


1 

30 

7 

12 


ZNO 

1997 

03 

02.16 

w 

B 

0.7 

SC 

0.0 

E 


1 


8 



RAD01 

1997 

03 

02.17 

! 

V 

0.4 

YF 

2.3 

A 

4 

a 3 

+29 

8 

*5 

323 

MIK 

1997 

03 

02.17 

a 

H 

0.2 

TI 

5 

R 


1 

25 

7 

2.5 


DVO 

1997 

03 

02.17 

s 

M 

0.6 

AA 

5.0 

B 


10 

15 

S8 



MEY 

1997 

03 

02.17 

s 

S 

0.3 

AA 

0.6 

E 


1 


S8 

7 


MEY 

1997 

03 

02.18 

a 

M 

0.5 

S 

0.0 

E 


1 

30 

8 

5 


K0N06 

1997 

03 

02.19 





5.0 

B 


7 

26 

7 

5 

320 

DIE02 

1997 

03 

02.19 


S 

0.6 

AA 

0.0 

E 


1 





DIE02 

1997 

03 

02.19 

8 

M 

0.2 

SC 

0.0 E 


1 

20 

7/ 

10 

290 

GLI 

1997 

03 

02.19 

w 

B 

0.5 

AA 

0.0 

E 


1 


8 

4.8 

325 

VAN06 

1997 

03 

02.20 


I 

0.6 

AA 

0.8 

E 


1 





HAS02 

1997 

03 

02.20 

a 

0 

0.6 

S 

0.0 

E 


1 

25 


2 


LIB 

1997 

03 

02.22 


M 

0.4 

S 

5.0 

B 


7 

12 

S8/ 

6 


G0N05 

1997 

03 

02.23 


S 

0.8 

SC 

3.0 

B 


8 


7 

6 


DIN01 

1997 

03 

02.45 


B 

0.2 

YF 

0.0 

E 


1 

A15 

8/ 

4 

326 

ADA03 

1997 

03 

02.45 

V 

M 

0.2 

YF 

5.0 

R 


1 




ADA03 

1997 

03 

02.67 

w 

M 

0.5: 

SC 

0.0 E 


1 





OME 

1997 

03 

02.78 


S 

1.1 

SC 

0.7 

E 


1 


9 



MCK 

1997 

03 

02.80 


S 

0.3 

AA 

5.0 

B 


10 

14 

7 

6 

320 

MOE 

1997 

03 

02.80 

1 

B 

0.4 

YF 

0.5 

E 


1 


8 



ENT 

1997 

03 

03.08 


I 

0.4 

AA 

0.8 

E 


1 

12 

8 

9 

330 

MOE 

1997 

03 

03.10 


B 

0.5 

AA 

2.0 B 


2 

10 

7 



KOZ 

1997 

03 

03.10 


B 

0.9 

SC 

7.0 

B 


40 



6 


CHA02 

1997 

03 

03.10 


S 

0.3 

AA 

6.0 

B 


20 


8 



sen 

1997 

03 

03.10 

w 

B 

0.5 

SC 

0.0 

E 


1 


8 



SCH14 

1997 

03 

03.10 

w 

B 

0.6 

SC 

0.0 E 


1 


8 



J0R01 

1997 

03 

03.11 





8.0 

R 

10 

28 

11 

S6 

>1.3 

312 

GER01 

1997 

03 

03.11 


B 

1.1 

ED 

5.0 

B 


7 

20 

S8 

7 

330 

M0R04 

1997 

03 

03.11 


G 

0.7: 

AA 

0.0 

E 


1 





GER01 

1997 

03 

03.11 

1 

G 

0.1 

AA 

0.8 E 


1 

10 

8 

10 

325 

SHA02 

1997 

03 

03.12 


B 

0.7 

AA 

5.0 

R 

5 

7 

10 

7 



KOZ 

1997 

03 

03.12 


G 

0.2 

SC 

0.0 

E 


1 

35 

5 

16 


BAR06 

1997 

03 

03.13 


I 

0.0 

SC 

0.0 

E 


1 

30 

S6 

10 

325 

ISB03 

1997 

03 

03.14 

W 

B 

0.4: 

AA 

0.0 

E 


1 

30 

6/ 

8 

315 

CEE03 

1997 

03 

03.15 

a 

S 

0.5 

AA 

0.7 

E 


1 

25 

8 

2.5 

300 

MEN03 

1997 

03 

03.15 

w 

B 

0.5 

SC 

0.0 

E 


1 


8 



RAD01 

1997 

03 

03.16 


S 

-0.3 

AA 

6.3 

R 

13 

52 

12 

S9 


315 

KOS 

1997 

03 

03.16 

w 

B 

0.4 

SC 

0.0 E 


1 


8 



VEL02 

1997 

03 

03.17 

a 

B 

0.3 

AA 

0.7 

E 


1 


8 

9.5 

324 

BOU 

1997 

03 

03.19 


S 

0.3 

AA 

5.0 

B 


8 

40 

8 

4 

320 

BEA 

1997 

03 

03.20 


B 

0.0: 

SC 

0.7 

E 


1 


5 

6 


R0G02 

1997 

03 

03.23 

! 

B 

0.4 

YF 

0.5 

E 


1 

8 

8 

6 


ENT 

1997 

03 

03.78 


I 

0.6 

AA 

0.8 E 


1 

11 

8 

3.5 

330 

MOE 

1997 

03 

03.80 


S 

0.4 

AA 

0.0 

E 


1 

*15 

7/ 

3 

330 

. NAG08 

1997 

03 

03.81 


S 

0.3 

AA 

5.0 

B 


8 

40 

8 

4 

320 

BEA 

1997 

03 

03.85 

$ 

M 

0.1 

YG 

0.0 E 


1 

20 

7 

10 

335 

KOBOl 

1997 

03 

04.06 


B 

0.0 

SC 

0.0 E 


1 

45 

5 

15 

323 

BAR06 
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DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 

03 

04.06 

V 

6 

-0.1 

SC 

0.0 

E 


1 

45 

5 

15 

323 

BAR06 

1997 

03 

04.08 


B 

0.6 

AA 

5.0 

B 


7 

12 

D8 

6 

323 

VEL03 

1997 

03 

04.08 


B 

0.8 

SC 

7.0 

B 


40 



6 


CHA02 

1997 

03 

04.08 


G 

0.6 

AA 

0.0 

E 


1 

17 

S7 

5 

323 

VEL03 

1997 

03 

04.11 

a 

S 

0.6 

AA 

0.7 

E 


1 

25 

8 

1.5 

300 

MEN03 

1997 

03 

04.12 


B 

1.0 

HD 

5.0 

B 


7 

20 

S8 

7 

330 

M0RO4 

1997 

03 

04.14 


M 

0.6 

AA 

3.0 

R 

4 

7 

17 

6 

4 


MAI 

1997 

03 

04.15 


S 

-0.3 

AA 

6.3 

R 

13 

52 

12 

S9 


317 

KOS 

1997 

03 

04.18 

a 

B 

0.3 

AA 

0.7 

E 


1 


8 

10 

325 

BOU 

1997 

03 

04.21 


S 

0.1 

AA 

5.0 

B 


8 

40 

8 

4 

320 

BEA 

1997 

03 

04.22 

j 

B 

0.4 

YF 

0.5 

E 


1 


8 

6 

325 

ENT 

1997 

03 

04.23 

a 

B 

0.5 

AT 

3.5 

R 


1 





PER01 

1997 

03 

04.23 

a 

G 

0.4 

AT 

0.0 

E 


1 





PER01 

1997 

03 

04.23 

a 

G 

0.6 

AT 

0.0 

E 


1 





VIT01 

1997 

03 

04.23 

a 

I 

0.3 

AT 

0.0 

E 


1 


6 

12 

300 

PER01 

1997 

03 

04.23 

a 

I 

0.6 

AT 

0.0 

E 


1 



15 

295 

VIT01 

1997 

03 

04.24 

a 

B 

0.6 

AT 

3.5 

R 


1 





VIT01 

1997 

03 

04.26 


S 

0.7 

AA 

5.0 

B 


10 

35 

D7 

2.5 

312 

TAY 

1997 

03 

04.67 

V 

M 

0.4 

SC 

0.0 

E 


1 



*5.5 


OME 

1997 

03 

04.68 


B 

1.0 

HD 

5.0 

B 


7 

18 

S8 

4 


M0R04 

1997 

03 

04.74 

a 

0 

0.5 

S 

0.0 

E 


1 

30 


2.5 


LIB 

1997 

03 

04.74 

V 

B 

-0.1 

AA 

0.0 

E 


1 


7 

9 

318 

CHE03 

1997 

03 

04.78 


S 

0.2 

AA 

5.0 

B 


10 

14 

7 

10 

330 

MOE 

1997 

03 

04.80 

i 

S 

0.5 

SC 

0.0 

E 


1 

21 

D8 

7 

320 

SHI 

1997 

03 

04.82 


B 

0.6 

AA 

0.0 

E 


1 

*15 

7 

10 

320 

MIY01 

1997 

03 

04.82 


B 

0.6: 

AA 

5.0 

B 


7 

10 

S7 

10 

320 

MIY01 

1997 

03 

04.82 


I 

0.6 

S 

0.0 

E 


1 



0.5 

310 

TOY 

1997 

03 

04.82 


S 

0.3 

AA 

0.0 

E 


1 

*15 

7/ 

7 

300 

NAG08 

1997 

03 

04.85 

a 

B 

0.2 

YG 

0.0 

E 


1 



4 

300 

NAK01 

1997 

03 

04.85 

a 

B 

0.3 

AA 

0.0 

E 


1 





Y0S02 

1997 

03 

05.00 


S 

0.3 

AA 

11.0 

L 

7 

32 

16 

6 

5 


IVA03 

1997 

03 

05.06 


I 

0.2 

AA 

0.8 

E 


1 

15 

8 

13 

330 

MOE 

1997 

03 

05.06 

w 

s 

-0.2 

SC 

0.0 

E 


1 

50 

5 

14 


BAR06 

1997 

03 

05.10 


G 

0.6 

AA 

0.0 

E 


1 

21 

9 

6 

350 

SER 

1997 

03 

05.10 


5 

0.5 

AA 

6 

R 

10 

16 

18 

6 

3.5 

295 

ROM 

1997 

03 

05.13 


S 

0.1 

SC 

0.6 

E 


1 

15 

8 

7 

310 

OKS 

1997 

03 

05.13 

w 

B 

0.0 

AA 

0.0 

E 


1 


6/ 



CHE03 

1997 

03 

05.14 


B 

0.6 

AA 

2.0 

B 


2 

9 

8 



KOZ 

1997 

03 

05.14 

a 

M 

0.0 

AA 

0.6 

E 


1 


S8 

14 


MEY 

1997 

03 

05.14 

a 

M 

0.3 

AA 

5.0 

B 


10 

13 

S8 



MEY 

1997 

03 

05.15 


S 

-0.4 

AA 

6.3 

R 

13 

52 

12 

S9 


330 

KOS 

1997 

03 

05.15 

a 

M 

0.0 

S 

5 

R 


1 

40 

7/ 

25 

320 

HOR02 

1997 

03 

05.17 

a 

B 

0.2 

AA 

0.7 

E 


1 


8 

9 

324 

BOU 

1997 

03 

05.18 


M 

0.3 

Y 

10 

B 


25 

20 

6 

1.5 


HYN 

1997 

03 

05.19 





5.0 

B 


7 

28 

7 

5 

315 

DIE02 

1997 

03 

05.19 


S 

0.4 

AA 

0.0 

E 


1 





DIE02 

1997 

03 

05.19 

i 

V 

0.2 

YF 

2.3 

A 

4 

a 3 

+29 

8 

>6 

323 

MIK 

1997 

03 

05.25 


s 

0.2 

AA 

5.0 

B 


10 

25 

D7 

5.5 

320 

TAY 

1997 

03 

05.68 


B 

0.7 

HD 

5.0 

B 


7 

15 

S8 

5 


MOR04 

1997 

03 

05.72 


S 

-0.1 

SC 

0.0 

E 


1 

50 

5 

14 


BAR06 

1997 

03 

05.73 

a 

0 

0.1 

SP 

0.0 

E 


1 

35 

6/ 

>8 


ZNO 

1997 

03 

05.74 

w 

B 

-0.2 

AA 

0.0 

E 


1 


6/ 

13 

332 

CHE03 

1997 

03 

05.75 





5.0 

B 


7 

12 

S7 

10 

322 

VEL03 

1997 

03 

05.81 


S 

0.0 

AA 

5.0 B 


8 

45 

8 

5 

320 

BEA 

1997 

03 

05.82 


I 

0.6 

S 

0.0 

E 


1 



0.5 

310 

TOY 

1997 

03 

05.82 

V 

M 

-0.1 

YG 

0.0 

E 


1 



15 

320 

KIN 

1997 

03 

05.83 


B 

0.6 

AA 

0.0 

E 


1 

*10 

7 

25 

315 

MIY01 

1997 

03 

05.83 


B 

0.6: 

AA 

5.0 

B 


7 

10 

S7 

10 

315 

MIY01 

1997 

03 

05.83 

w 

B 

0.5 

YG 

0.0 

E 


1 

*20 

8 

1.5 

310 

Y0S04 

1997 

03 

05.83 

w 

S 

0.5 

YG 

2.4 B 


10 

15 

S6 

1.5 

310 

YOS04 

1997 

03 

06.08 


B 

0.6 

SC 

7.0 

B 


40 



8 


CHA02 

1997 

03 

06.08 


G 

0.2 

AA 

0.0 

E 


1 


S7 

12 

323 

VEL03 

1997 

03 

06.08 


S 

0.3 

AA 

11.0 

L 

7 

32 

20 

6 

6 


IYA03 

1997 

03 

06.09 


B 

0.6 

SC 

7.0 

B 


40 



7 


PEN 

1997 

03 

06.09 


B 

0.6 

SC 

7.0 B 


40 



9 


GEN 
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DATE (UT) 

N MM MAG. 

RF 

AP . T F/ 

1997 03 06.10 

B 0.6 

SC 

7.0 B 


1997 03 06.10 

I -0.3 

SC 

0.0 E 


1997 03 06.10 

w B -0.2 

AA 

0.0 E 


1997 03 06.13 

G 0.5 

AA 

0.0 E 


1997 03 06.13 

S 0.3 

AA 

6 R 

10 

1997 03 06.13 

S -1.0 

: AA 

6.0 B 

1997 03 06.13 

! G 0.2 

AA 

0.7 E 


1997 03 06.13 

w B -0.1 

AA 

0.0 E 


1997 03 06.14 

B 0.5 

AA 

3.0 B 


1997 03 06.14 

M 0.5 

AA 

3.0 R 

4 

1997 03 06.14 

a M 0.2 

S 

0.0 E 


1997 03 06.15 

B 0.2 

Y 

0.0 E 


1997 03 06.15 

B 0.6: 

: AA 

5.0 B 


1997 03 06.15 

G 0.3 

AA 

0.0 E 


1997 03 06.15 

S -0.5 

AA 

6.3 R 

13 

1997 03 06.15 

a M -0.1 

S 

5 R 


1997 03 06.15 

w B 0.9 

SC 

0.0 E 


1997 03 06.17 

S 0.7 

AA 

0.7 E 


1997 03 06.18 

a M -0.1 

TI 

5 R 


1997 03 06.19 

a 0 0.2 

SP 

0.0 E 


1997 03 06.21 

B -0.2 

SC 

0.7 E 


1997 03 06.21 

S -0.1 

AA 

5.0 B 


1997 03 06.23 

B -0.2: 

YG 

0.7 E 


1997 03 06.23 

B -1.2 

SC 

6.3 R 


1997 03 06.23 

! B 0.3 

YF 

0.5 E 


1997 03 06.46 

w B -0.1 

YF 

0.0 E 


1997 03 06.75 

w B -0.2 

AA 

0.0 E 


1997 03 06.78 

S 0.1 

AA 

5.0 B 


1997 03 06.79 

0.3 

AA 

0.6 E 


1997 03 06.81 

I 0.5 

S 

0.0 E 


1997 03 06.81 

S 0.3 

SC 

0.7 E 


1997 03 06.83 

w B 0.3 

YG 

0.0 E 


1997 03 06.83 

~w S 0.2 

YG 

2.4 B 


1997 03 06.92 
1997 03 06.92 

S 0.5 

YG 

5.0 B 
0.7 E 


1997 03 07.01 

B 0.6 

SC 

7.0 B 


1997 03 07.07 

S 0.3 

AA 

11.0 L 

7 

1997 03 07.11 

B 0.6 

SC 

7.0 B 


1997 03 07.12 

B 0.6 

SC 

7.0 B 


1997 03 07.13 

a S 0.4 

AA 

0.7 E 


1997 03 07.18 

! V 0.1 

YF 

2.3 A 

4 

1997 03 07.18 

a B 0.1 

AA 

0.7 E 


1997 03 07.18 

a G 0.2 

AA 

0.6 E 


1997 03 07.19 

s M 0.0 

SC 

0.0 E 


1997 03 07.22 

w G -0.2 

YF 

0.0 E 


1997 03 07.26 

B 0.0: 

YG 

0.7 E 


1997 03 07.39 

Gw B 0.0 

AA 

0.0 E 


1997 03 07.44 

ft G -0.1 

SC 

0.0 E 


1997 03 07.74 

a 0 -0.1 

SP 

0.0 E 


1997 03 07.74 

w B -0.1 

AA 

0.0 E 


1997 03 07.76 

a M 0.1 

Y 

0.0 E 


1997 03 07.76 

a M 0.1 

Y 

10 B 


1997 03 07.76 

a 0 -0.3 

Y 

0.0 E 


1997 03 07.77 

a 0 0.4 

S 

0.0 E 


1997 03 07.77 

s M 0.0: 

SC 

0.0 E 


1997 03 07.78 

S 0.0 

AA 

5.0 B 


1997 03 07.81 

a M 0.3 

S 

0.0 E 


1997 03 07.82 

! S 0.0 

AA 

0.0 E 


1997 03 07.84 

a B -0.2 

AA 

0.0 E 


1997 03 07.99 

w B -0.2 

Y 

0.0 E 


1997 03 08.03 

G -0.5 

AA 

0.0 E 


1997 03 08.06 

B 0.6 

AA 

5.0 B 


1997 03 08.08 

G -0.1 

AA 

0.0 E 


1997 03 08.09 

G -0.5 

AA 

0.0 E 


1997 03 08.10 

B -0.3 

AA 

0.0 E 



PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

40 



8 


GENOi 

1 

32 

S6 

10 

325 

ISH03 

1 

45 

5 

14 


BAR06 

1 

20 

8 

6 

319 

GOL 

16 

19 

6 

6 

305 

ROM 

20 


8 



sen 

1 

14 

8 

3 

306 

SHA02 

1 


6/ 

4 

313 

CHE03 

7 


6 

6 

339 

CHV 

7 

18 

6 

5 


MAI 

1 

25 

8 

8 


K0N06 

1 

20 

S7 

20 

330 

SAR02 

7 

10 

D7 

14 

323 

VEL03 

1 





VEL03 

52 

14 

S9 


325 

KOS 

1 

40 

7/ 

25 

330 

H0RO2 

1 


9 



VEL02 

1 

17 

S2 



CSU 

1 

25 

8 

5 


DVO 

1 

30 

7 

>5 

320 

ZNO 

1 


5 

10 


R0GO2 

8 

50 

8 

10 

330 

BEA 

1 


8 

14 


DAB 

53 


7 

9.5 


POPOl 

1 

16 

8 

8 


ENT 

1 

ftl5 

S9 

18 

328 

ADA03 

1 

45 

5 

14 


BAR06 

10 

13 

8 

9 

330 

MOE 

1 

20 

9 

3.0 

325 

GIL01 

1 



1.5 

310 

TOY 

1 

15 

9 

3 


MCK 

1 

ft20 

8 

2 

310 

YOS04 

10 

15 

S6 

2 

310 

Y0S04 

7 

7 

9 

3.0 

305 

HEE 

1 





HEE 

40 



7 


CHA02 

32 

20 

6 

6 


IVA03 

40 



4 


HAN04 

40 



7 


GENOI 

1 

25 

8 

3.5 

305 

MEN03 

5 

+32 

8 

>6 

325 

MIK 

1 


8 

12 

325 

BOU 

1 


S8/ 

8 

325 

KAM01 

1 

12 

8 



GLI 

1 

ftl2 

S9 

11 

70 

ZEK 

1 


8 

13 


DAH 

1 


8/ 

ft5 


GRE 

1 

15 

8 

13 

305 

CRE01 

1 

35 

6/ 

14 

325 

ZNO 

1 


6/ 

12 

324 

CEE03 

1 

20 

7 

3 

330 

HYN 

25 

20 

7 

4 

330 

HYN 

1 

10 

9 

4 


KYS 

1 

30 


3 


LIB 

1 





GLI 

10 

13 

8 

7 

330 

MOE 

1 

25 

8 

8 


K0NO6 

1 

ftl5 

7/ 

10 

330 

NAG08 

1 



12 

330 

Y0S02 

1 


8 



GRE 

1 

25 

9 

5 

280 

SER 

7 

11 

D8 

13 

324 

VEL03 

1 

17 

S8 

13 

324 ' 

VEL03 

1 


8 

5 

322 

GOL 

1 

50 

5 

15 


BAR06 
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DATE 

(UT) 

N MM MAG. 

RF 

1997 

03 

08.12 


M 0.4 

AA 

1997 

03 

08.13 

| 

S -0.7: 

AA 

1997 

03 

08.13 

a 

M -0.1 

AA 

1997 

03 

08.13 

V 

B -0.2 

AA 

1997 

03 

08.14 


B -0.2 

Y 

1997 

03 

08.14 


S -0.8 

AA 

1997 

03 

08.15 

a 

M 0.1 

S 

1997 

03 

08.16 


B 0.4 

AA 

1997 

03 

08.16 

a 

M 0.3 

S 

1997 

03 

08.16 

a 

M -0.1 

TI 

1997 

03 

08.16 

w 

M -0.2 

Y 

1997 

03 

08.17 

a 

M 0.3 

S 

1997 

03 

08.17 

a 

0 0.0 

SP 

1997 

03 

08.17 

w 

B 0.1 

AA 

1997 

03 

08.18 

V 

M 0.3 

SC 

1997 

03 

08.19 


S -0.4 

AA 

1997 

03 

08.20 


S 0.8 

SC 

1997 

03 

08.21 


M 0.1 

Y 

1997 

03 

08.22 


M -0.2 

S 

1997 

03 

08.25 


B 0.5 

SC 

1997 

03 

08.26 


B -0.1 

YG 

1997 

03 

08.45 

y 

M 0.0 

YF 

1997 

03 

08.46 

V 

B -0.1 

YF 

1997 

03 

08.53 

y 

S 0.0 

AA 

1997 

03 

08.70 


B 0.2 

HD 

1997 

03 

08.78 


S -0.4 

AA 

1997 

03 

08.79 

V 

M -0.2 

Y 

1997 

03 

08.80 


B -0.3 

AA 

1997 

03 

08.81 


I 0.0 

S 

1997 

03 

08.82 




1997 

03 

08.82 


B 0.0 

AA 

1997 

03 

08.82 


S 0.0 

SC 

1997 

03 

08.82 

y 

B 0.1 

YG 

1997 

03 

09.01 


B 1.1 

HD 

1997 

03 

09.07 


S 0.2 

AA 

1997 

03 

09.10 


B 0.0 

HD 

1997 

03 

09.10 


M 0.0 

AA 

1997 

03 

09.12 


B -0.2 

AA 

1997 

03 

09.12 

y 

B -0.3 

AA 

1997 

03 

09.13 

y 

M -0.3 

AA 

1997 

03 

09.14 


B -0.3 

Y 

1997 

03 

09.14 

i 

S -0.4: 

AA 

1997 

03 

09.16 

y 

B 0.0 

AA 

1997 

03 

09.17 

a 

B -0.1 

AA 

1997 

03 

09.17 

a 

M -0.2 

TI 

1997 

03 

09.17 

y 

B -0.2 

S 

1997 

03 

09.18 

i 

7-0.1 

YF 

1997 

03 

09.18 

V 

B 0.1 

S 

1997 

03 

09.18 

y 

B -0.1 

S 

1997 

03 

09.21 




1997 

03 

09.21 


S 0.1 

AA 

1997 

03 

09.22 


M -0.4 

S 

1997 

03 

09.22 

s 

I 0.4 

AT 

1997 

03 

09.23 

s 

G 0.6 

AT 

1997 

03 

09.23 

8 

G 0.6 

AT 

1997 

03 

09.23 

5 

I 0.3 

AT 

1997 

03 

09.26 

1 

B -0.2 

YG 

1997 

03 

09.38 

y 

B -0.3 

Y 

1997 

03 

09.40 

ft 

G -0.2 

SC 

1997 

03 

09.74 

y 

B -0.3 

AA 

1997 

03 

09.75 


B 0.6 

AA 

1997 

03 

09.75 

a 

B -0.3 

AA 

1997 

03 

09.75 

a 

M -0.4 

AA 

1997 

03 

09.76 

a 

0 -0.3: 

Y 

1997 

03 

09.77 


I -0.5 

SC 


[cont 

.] 





AP. 

T F/ 

PWR 

COMA 

DC 

3.0 

R 

4 

7 

18 

6 

0.0 

E 


1 



0.6 

E 


1 


S8 

0.0 

E 


1 

22 

6 

0.0 

E 


1 

15 

S7,' 

6.3 

R 

13 

52 

14 

S9 

0.0 

E 


1 

20 

8 

0.0 

E 


1 



0.0 

E 


1 

30 

9 

5 

R 


1 

25 

8 

0.0 

E 


1 

30 

D8 

0.0 

E 


1 

25 

8 

0.0 

E 


1 

30 

7 

0.0 

E 


1 


8 

0.0 

E 


1 

12 

7/ 

5.0 

B 


8 

40 

8 

6.3 

B 


9 

4 

7 

10 

B 


25 

25 

7 

5.0 

B 


7 

15 

S8/ 

8.0 

B 


11 


D6 

0.7 

E 


1 


8 

5.0 

R 


1 



0.0 

E 


1 

&18 

S9 

5.0 

B 


7 

8 

8/ 

5.0 

B 


7 

15 

S8 

5.0 

B 


8 

40 

8 

0.0 

E 


1 

30 

D8 

0.0 

E 


1 

50 

5 

0.0 

E 


1 



2.4 

B 


10 

15 

S6 

4.0 

R 


8 

25 

S7 

0.0 

E 


1 

27 

D7 

0.0 

E 


1 

&20 

8 

5.0 

B 


7 

20 

S8 

11.0 

L 

7 

32 

25 

6 

5.0 

B 


7 

15 

S7 

4.0 

R 


8 

25 

S7 

0.0 

E 


1 

45 

6 

0.0 

E 


1 

45 

6 

0.0 

E 


1 

30 

6 

0.0 

E 


1 

12 

S8 

0.0 

E 


1 



0.0 

E 


1 


8 

0.7 

E 


1 


8 

5 

R 


1 

25 

8 

0.0 

E 


1 


9 

2.3 

A 

4 

a 3 

+32 

8 

3.0 

B 


6 


9 

0.0 

E 


1 


9 

5.0 

B 


7 

20 

7 

0.0 

E 


1 



5.0 

B 


7 

15 

S8/ 

0.0 

E 


1 



0.0 

E 


1 



0.0 

E 


1 



0.0 

E 


1 



0.7 

E 


1 


9 

0.0 

E 


1 


8/ 

0.0 

E 


1 

15 

8 

0.0 

E 


1 

25 

6 

5.0 

B 


7 

10 

D8 

0.0 

E 


1 



0.0 

E 


1 



0.0 

E 


1 

10 

8 

0.0 

E 


1 

30 

S7 


April 1997 


TAIL 

PA 

OBS. 

5 


MAI 

10 


ANZ 

11 


MEY 

6 

308 

CHE03 

25 

330 

SAR02 


312 

KOS 

10 


KON06 

STO 

7 


ZIF 

15 


DVO 

15 

340 

CAN04 

11 


FIA 

16 

335 

ZNO 

12 

330 

VAN06 

9 


GLI 

10 

330 

BEA 

6 


DIN01 

2 

320 

HYN 

9 


GON05 

BR006 

14 


DAH 

ADA03 

12 

323 

ADA03 

7 

325 

SPR 

4 

330 

MOR04 

10 

330 

BEA 

3.5 

320 

CAN04 

15 


BAR06 

8 

330 

TOY 

4 

305 

Y0S04 

9 


BAR06 

9 

325 

SHI 

4 

305 

Y0S04 

10 

330 

MOR04 

7 


IVA03 

10 

331 

LEH01 

9 

333 

BAR06 

14 


BAR06 

14 


BAR06 

12 

324 

CHE03 

20 

340 

SAR02 

13 


ANZ 

13 

330 

VAN06 

13 

328 

BOU 

6 


DVO 

12 

335 

MAR02 

>6 

325 

MIK 

8.5 

335 

MAR02 

9 

330 

SAN04 

4.5 

320 

DIE02 

DIE02 

13 


G0NO5 

10 

310 

VIT01 

PER01 

VIT01 

18 

310 

PER01 

14 


DAH 

10 


GRE 

10 

305 

CRE01 

6 

312 

CHE03 

12 

327 

VEL03 

5 


MIL02 

5 


MIL02 

>3 


KYS 

13 

330 

ISH03 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE (UT) 

1997 03 09.77 
1997 03 09.78 
1997 03 09.78 
1997 03 09.80 
1997 03 09.80 
1997 03 09.81 
1997 03 09.82 
1997 03 09.83 
1997 03 09.83 
1997 03 10.06 
1997 03 10.06 
1997 03 10.06 
1997 03 10.10 
1997 03 10.11 
1997 03 10.12 
1997 03 10.13 
1997 03 10.14 
1997 03 10.14 
1997 03 10.14 
1997 03 10.15 
1997 03 10.16 
1997 03 10.16 
1997 03 10.17 
1997 03 10.17 
1997 03 10.17 
1997 03 10.18 
1997 03 10.22 
1997 03 10.23 
1997 03 10.23 
1997 03 10.24 
1997 03 10.25 
1997 03 10.40 
1997 03 10.70 
1997 03 10.71 
1997 03 10.74 
1997 03 10.74 
1997 03 10.75 
1997 03 10.76 
1997 03 10.76 
1997 03 10.77 
1997 03 10.77 
1997 03 10.78 
1997 03 10.79 
1997 03 10.79 
1997 03 10.80 
1997 03 10.81 
1997 03 10.81 
1997 03 10.81 
1997 03 10.82 
1997 03 11.00 
1997 03 11.07 
1997 03 11.08 
1997 03 11.10 
1997 03 11.11 
1997 03 11.11 
1997 03 11.11 
1997 03 11.12 
1997 03 11.12 
1997 03 11.12 
1997 03 11.13 
1997 03 11.13 
1997 03 11.14 
1997 03 11.14 
1997 03 11.14 
1997 03 11.14 


N MM MAG. 

RF 

w B -0.3 

AA 

S -0.3 

SC 

w B 0.0 

AA 

S 0.0 

AA 

w M -0.2 

Y 

I 0.2 

S 

! S -0.1 

AA 

v B -0.1 

YG 

B 0.0 

AA 

G -0.1 

AA 

S 0.2 

AA 

B -0.1 

HD 

B 0.3 

AA 

B 0.5 

AA 

w B -0.3 

AA 

S -1.0 

AA 

a M -0.2 

AA 

a M -0.4 

S 

v G -0.4 

AA 

a 0 -0.1 

SP 

w B -0.4 

AA 

a B -0.1 

AA 

a B -0.2 

AT 

w G -0.5 

YF 

! V -0.1 

YF 

a I 0.5 

AT 

aC 0.7 

AT 

a I 0.1 

AT 

a G 0.4 

AT 

! B -0.3 

YG 

a G -0.4: 

SC 

B 0.2 

HD 

G -1.0: 

Y 


w M -0.5 

AA 

B 0.4 

AA 

! S -0.4: 

: AA 

a M 0.0 

S 

a M -0.3 

S 

a 0 0.3 

S 

S -0.2 

AA 

S -0.2 

SC 

! G 0.9 

AA 

S 1.2 

AA 

I 0.6 

S 

a B 0.2 

YG 

! S -0.3 

SC 

8 0.2 

AA 

B -0.2 

HD 

S 0.2 

AA 

B -0.2 

HD 

B 0.4 

AA 

B 0.4 

AA 

S -0.8 

AA 

M 0.3 

AA 

w B 0.0 

AA 

w B -0.3 

AA 

B 0.0 

AA 

w B -0.5 

AA 

S -1 . 1 

AA 

! B -0.3 

Y 

a G -0.2 

AA 

a I -0.4 

AA 


AP. T F/ PWR 


0.0 E 

1 

8.0 B 

12 

4.0 R 

8 

5.0 B 

7 

0.0 E 

1 

0.0 E 

1 

0.0 E 

1 

2.4 B 

10 

0.0 E 

1 

5.0 B 

7 

0.0 E 

1 

11.0 L 7 

32 

5.0 B 

7 

3.0 B 

7 

3.0 B 

8 

0.0 E 

1 

6.3 R 13 

52 

0.6 E 

1 

5 R 

1 

0.6 E 

1 

0.0 E 

1 

0.0 E 

1 

0.7 E 

1 

0.0 E 

1 

0.0 E 

1 

2.3 A 4 

a 3 

0.0 E 

1 

0.0 E 

1 

0.0 E 

1 

0.0 E 

1 

0.7 E 

1 

0.0 E 

1 

3.5 B 

7 

0.0 E 

1 

5.0 B 

7 

0.0 E 

1 

3.0 B 

7 

0.0 E 

1 

0.0 E 

1 

5 R 

1 

0.0 E 

1 

5.0 B 

10 

0.7 E 

1 

0.7 E 

1 

7.0 B 

16 

2.4 B 

10 

0.0 E 

1 

0.0 E 

1 

0.0 E 

1 

11.0 L 7 

32 

5.0 B 

7 

6 R 10 

16 

5.0 B 

7 

3.0 B 

8 

5.0 B 

7 

6.0 B 

20 

3.0 R 4 

7 

4.0 R 

8 

0.0 E 

1 

2.0 B 

2 

0.0 E 

1 

6.3 R 13 

52 

0.0 E 

1 

0.8 E 

1 

0.8 E 

1 


COMA 

DC 

TAIL 

PA 

45 

6 

14 


30 

S7 

10 

330 

25 

S7 

9 

326 

13 

8 

8 

330 

30 

D8 

3.5 

320 



2 

330 

£15 

7/ 

11 

330 

18 

S6 

4 

305 

£20 

8 

5 

305 

13 

D8 

15 

327 



15 

327 

25 

6/ 

7 


15 

S7 

10 

333 


6 

6.6 

346 

25 

8/ 

4 

322 


6/ 

14 

328 

14 

S9 


340 


SB 

12 


35 

7/ 

13 

330 

30 

S8/ 

14 

332 

7 

9 

335 

15 

8 

13 

330 


8 

12 

331 



6 


£12 

S9 

11 

70 

+32 

8 

>6 

325 



12 

310 

>30 

7 

25 

330 


9 

24 


18 

8 

>5 

300 

18 

S7/ 

9 

332 


8 



17 

D8 

£8 

329 


6/ 

8 

301 


7 

6.5 

342 

20 

8 

14 


30 

7/ 

8 

330 

35 


3 


15 

8 

11 

335 

15 


>4 


9 

8 

0.5 

305 

10 

6 

1.2 

340 

15 

S6 

3 

310 

£15 


1 

310 

8 

3 

310 

32 

D7 

9 

330 

25 

6/ 

7 


15 

S8 

7 

335 

19 

7 

6 

305 

15 

S7 

10 

334 

23 

9 

4 

322 


D8 

15 

330 


8 



18 

6 

5 


30 

S7 

10 


45 

5 

16 


9 

8 

10.5 

336 

24 

6/ 

18 

333 

14 

S9 


352 

13 

S7/ 

3 

305 



6.6 

325 



13.8 

335 


OBS. 

BAR06 

ISH03 

BAR06 

HOE 

CAN04 

TOY 

NAG08 

YOS04 

Y0S04 

VEL03 

VEL03 

IVA03 

LEH01 

CHV 

SAL01 

CHE03 

KOS 

HEY 

HOR02 

KAM01 

ZNO 

VAN06 

BOU 

MIL02 

ZEK 

MIK 

VIT01 

VIT01 

PER01 

PER01 

DAI 

CRE01 

HAR09 

M0S03 

VEL03 

CHE03 

CHV 

ANZ 

K0NO6 

H0RO2 

LIB 

MOE 

MCK 

SHA02 

TAY 

YOS04 

TOY 

YOS04 

SHI 

IVA03 

M0RO4 

ROM 

LEH01 

SAL01 

VEL03 

SCU 

MAI 

BAR06 

BAR06 

KOZ 

CEE03 

KOS 

SAR02 

HAS02 

HAS02 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE 

(UT) 

N MM MAG. 

RF 

AP. 

T 

F/ PWR 

COMA 

DC 

TAIL 

PA 

DBS. 

1997 

03 

11.14 

a M -0.1 

AA 

0.6 

E 

1 


S8 

13 


MEY 

1997 

03 

11.15 

a M -0.4 

S 

5 

R 

1 

35 

7/ 

13 

330 

HOR02 

1997 

03 

11.16 

H -0.2 

Y 

10 

B 

25 

35 


3.5 


HYN 

1997 

03 

11.16 

S 0.3 

AA 

0.7 

E 

1 

17 

S2 

13 

346 

CSU 

1997 

03 

11.16 

w B -0.6 

AA 

0.0 

E 

1 

15 

8 

13 

330 

VAN06 

1997 

03 

11.17 

! V -0.1 

YF 

2.3 

A 

4 a 3 

+32 

8 

>6 


MIK 

1997 

03 

11.17 

a 0 -0.3 

SP 

0.0 

E 

1 

25 

8 

12 

335 

ZNO 

1997 

03 

11.20 

! B 0.2 

YF 

0.5 

E 

1 

18 

8 

7 

325 

ENT 

1997 

03 

11.21 

B 1.0 

AA 

4.0 

B 

8 

15 

6 

2.2 

330 

TAY 

1997 

03 

11.21 

B -0.5 

SC 

0.7 

E 

1 


5 

6 


R0GO2 

1997 

03 

11.24 

B -0.3: 

YG 

0.7 

E 

1 


8 

17 


DAH 

1997 

03 

11.42 

a G -0.4 

SC 

0.0 

E 

1 

12 

9 

15 

320 

CRE01 

1997 

03 

11.51 

w S 0.1 

AA 

5.0 

B 

7 

9 

8/ 

8 

325 

SPR 

1997 

03 

11.70 

B 0.0 

HD 

3.5 

B 

7 

15 

S7/ 

6 

333 

HAR09 

1997 

03 

11.72 

1-0.6 

SC 

0.0 

E 

1 

30 

S7 

15 

335 

ISH03 

1997 

03 

11.74 

a M -0.3 

Y 

0.0 

E 

1 



3 


HYN 

1997 

03 

11.74 

w B -0.4 

AA 

0.0 

E 

1 


6/ 



CHE03 

1997 

03 

11.76 

B 0.2 

AA 

0.0 

E 

1 





STO 

1997 

03 

11.76 

a 0 -0.3 

SP 

0.0 

E 

1 

25 

8 

16 

335 

ZNO 

1997 

03 

11.77 

B 0.4 

AA 

3.0 

B 

7 


6 

8 


CHV 

1997 

03 

11.77 

a M -0.3 

S 

5 

R 

1 

30 

7/ 

13 

340 

H0RO2 

1997 

03 

11.77 

a M -0.3 

S 

5 

R 

1 

40 

7/ 

15 

335 

PLS 

1997 

03 

11.77 

a 0 0.2 

S 

0.0 

E 

1 

40 


4 


LIB 

1997 

03 

11.78 

a M 0.0 

S 

0.0 

E 

1 

20 

8 

14 


K0NO6 

1997 

03 

11.78 

w B -0.2 

AA 

0.0 

E 

1 

50 

5 

16 


BAR06 

1997 

03 

11.79 

S 0.0 

SC 

0.7 

E 

1 

20 

9 

>5 


MCK 

1997 

03 

11.79 

w M 0.0 

AA 

4.0 

R 

8 

30 

S7 

10 


BAR06 

1997 

03 

11.80 

! G 0.3 

AA 

0.7 

E 

1 

4 

8 

4 

308 

SHA02 

1997 

03 

11.81 

! S -0.2 

AA 

0.0 

E 

1 

£15 

7/ 

5 

300 

NAG08 

1997 

03 

11.81 

w M -0.3 

Y 

0.0 

E 

1 

25 

D8 

4 

320 

CAN04 

1997 

03 

11.85 

a B -0.3 

YG 

0.0 

E 

1 



3 

325 

NAK01 

1997 

03 

11.99 

— S 0.2 

AA 

11.0 

L 

7 32 

25 

6/ 

7 


IVA03 

1997 

03 

12.07 

B -0.3 

HD 

5.0 

B 

7 

18 

S8 

5 

336 

MOR04 

1997 

03 

12.08 

S 0.2 

AA 

6 

R 

10 16 

20 

6 

7 

315 

ROM 

1997 

03 

12.10 

B -0.3 

HD 

5.0 

B 

7 

15 

S7 

10 

335 

LEH01 

1997 

03 

12.10 

B -0.3 

HD 

5.0 

B 

7 

20 

S8 

10 

335 

M0RO4 

1997 

03 

12.10 

w B -0.3 

AA 

0.0 

E 

1 

50 

5 

16 


BAR06 

1997 

03 

12.10 

w M -0.1 

AA 

4.0 

R 

8 

35 

S7 

10 


BAR06 

1997 

03 

12.11 

M 0.3 

AA 

3.0 

R 

4 7 

20 

6 

5 


MAI 

1997 

03 

12.12 

B 0.5 

AA 

3.0 

B 

7 


6 

9.5 


CHV 

1997 

03 

12.12 

S -0.5 

AA 

6.0 

B 

20 


8 



SCU 

1997 

03 

12.13 

w B -0.9 

SC 

0.0 

E 

1 


8 



RAD01 

1997 

03 

12.14 

S -0.1 

SC 

0.6 

E 

1 

12 

8/ 

10 

300 

OKS 

1997 

03 

12.14 

a M -0.1 

AA 

0.6 

E 

1 


S8 

8 


MEY 

1997 

03 

12.14 

a H -0.4 

S 

5 

R 

1 

40 

7/ 

17 

340 

H0R02 

1997 

03 

12.15 

a G -0.2 

AA 

0.8 

E 

1 



5.9 

330 

HAS02 

1997 

03 

12.15 

a I -0.4 

AA 

0.8 

E 

1 



12.5 

350 

HAS02 

1997 

03 

12.15 

a M -0.3 

S 

5 

R 

1 

35 

7/ 

10 

335 

PLS 

1997 

03 

12.15 

a 0 -0.3 

SP 

0.0 

E 

1 

30 

8 

17 

335 

ZNO 

1997 

03 

12.16 

a B -0.4 

AA 

0.0 

E 

1 


8 

£5 


MIL02 

1997 

03 

12.16 

s G -0.5 

AA 

0.6 

E 

1 


S8/ 

11 

326 

KAM01 

1997 

03 

12.17 

! V -0.2 

YF 

2.3 

A 

4 a 3 

+32 

8 

>6 


MIK 

1997 

03 

12.20 

! B -0.1 

YF 

0.5 

E 

1 

18 

8 

7 

322 

ENT 

1997 

03 

12.22 

M -0.6 

S 

5.0 B 

7 

15 

S8/ 

13 


G0N05 

1997 

03 

12.23 

a B 0.4 

AT 

3.5 

R 

1 





PER01 

1997 

03 

12.23 

a B 0.4 

AT 

3.5 

R 

1 





vrroi 

1997 

03 

12.23 

a G 0.3 

AT 

0.0 

E 

1 





PER01 

1997 

03 

12.23 

a G 0.6 

AT 

0.0 

E 

1 





VIT01 

1997 

03 

12.23 

a I 0.3 

AT 

0.0 

E 

1 



18 

310 

VIT01 

1997 

03 

12.23 

a I -0.1 

AT 

0.0 

E 

1 



16 

330 

PER01 

1997 

03 

12.41 

w B -0.2 

Y 

0.0 

E 

1 


8/ 

£5 


GRE 

1997 

03 

12.51 

s S 0.0 

AA 

0.0 

E 

1 

10 

9 

8 

320 

SPR 

1997 

03 

12.70 

B -0.3 

HD 

5.0 

B 

7 

19 

S8 

10 

340 

MOR04 

1997 

03 

12.75 

a 0 -0.3 

SP 

0.0 

E 

1 

22 

8/ 

15 

335 

ZNO 

1997 

03 

12.75 

w B -0.7 

SC 

0.0 

E 

1 


9 



VAL01 
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DATE 

(UT) 

N 

MM MAG. 

1997 

03 

12.75 

V 

B -0.8 

1997 

03 

12.77 

a 

M 0.0 

1997 

03 

12.77 

a 

M -0.5 

1997 

03 

12.77 

a 

M -0.5 

1997 

03 

12.77 

a 

M -0.5 

1997 

03 

12.77 

a 

0 0.1 

1997 

03 

12.77 

w 

B -0.2 

1997 

03 

12.78 

V 

M 0.0 

1997 

03 

12.79 


S -0.5 

1997 

03 

12.80 

i 

G 0.3 

1997 

03 

12.80 

a 

0 -0.2: 

1997 

03 

12.83 

V 

B -0.5: 

1997 

03 

12.99 

w 

B -0.5 

1997 

03 

13.05 


S 0.1 

1997 

03 

13.07 


B 0.5 

1997 

03 

13.08 


B 1.6: 

1997 

03 

13.10 


B -0.3 

1997 

03 

13.10 


B -0.3 

1997 

03 

13.10 


G -1.5: 


1997 03 13.13 
1997 03 13.13 
1997 03 13.14 
1997 03 13.15 
1997 03 13.15 
1997 03 13.17 
1997 03 13.20 
1997 03 13.23 
1997 03 13.23 
1997 03 13.23 
1997 03 13.23 
1997 03 13.23 
1997 03 13.23 
1997 03 13.23 
1997 03 13.39 
1997 03 13.66 
1997 03 13.70 
1997 03 13.72 
1997 03 13.75 
1997 03 13.82 
1997 03 13.82 
1997 03 13.99 
1997 03 13.99 
1997 03 14.09 
1997 03 14.10 
1997 03 14.12 
1997 03 14.16 
1997 03 14.22 
1997 03 14.50 
1997 03 14.70 
1997 03 14.70 
1997 03 14.80 
1997 03 15.10 
1997 03 15.45 
1997 03 15.45 
1997 03 15.49 
1997 03 15.70 
1997 03 15.79 
1997 03 15.85 
1997 03 15.88 
1997 03 15.95 
1997 03 15.99 
1997 03 16.06 
1997 03 16.10 
1997 03 16.12 


M 

B 

B 

a M 
! S 
w M 
! V 
B 
B 

a B 


a 
a 
a 
a 

a I -0.2 
fs B -0.4 
a H -0.3 


0.3 

0.4 

0.5 

-0.4 

-0.4 

-0.4 

-0.3 

-0.5 

-1.5 

0.3 

0.4 

0.2 

0.4 

0.1 


RF 

SC 

S 

S 

S 

Y 
S 

AA 

AA 

SC 

AA 

Y 

AA 

Y 
AA 
SC 
AA 
ED 
HD 

Y 

AA 

SC 

SC 

S 

AA 

Y 

YF 

SC 

SC 

AT 

AT 

AT 

AT 

AT 

AT 

Y 

SC 


AP. 

0.0 

0.0 

3 

5 

10 

0.0 

0.0 

4.0 
0.7 
0.7 
0.0 
0.0 
0.0 

11.0 

7.0 B 

5.0 B 
5.0 B 

5.0 B 
0.0 E 

3.0 R 

7.0 B 
7.0 B 


5 

0.0 

0.0 

2.3 
0.7 

6.3 
3.5 


R 

E 

E 

A 

E 

R 

R 


3.5 R 
0.0 E 


0.0 

0.0 

0.0 

0.0 

0.0 


F/ PWR 
1 
1 
1 
1 
25 
1 
1 
8 
1 
1 
1 
1 
1 

7 32 

40 
7 
7 
7 
1 

4 7 

40 
40 
1 
1 
1 
3 
1 
53 
1 
1 
1 
1 
1 
1 
1 
1 


4 a 


COMA 

20 

40 

30 

30 

35 

50 

35 

30 

6 

15 


30 

9 

17 

19 

20 


40 

30 

+32 


B -0.3 

HD 

5.0 B 

7 

15 

a S 0.2 

AA 

0.7 E 

1 

20 

w B -0.7 

SC 

0.0 E 

1 


S -0.3 

AA 

5.0 B 

10 

15 

S -0.5 

SC 

0.7 E 

1 

30 

S 0.1 

AA 

11.0 L 7 

32 

30 

fs B -0.5: 

Y 

0.0 E 

1 


B 0.5 

SC 

7.0 B 

40 


B -0.4 

HD 

5.0 B 

7 

15 

B 0.5 

SC 

7.0 B 

40 


a B -0.5 

AA 

0.0 E 

1 



w 

w 

s 


S 
S 
B 
B 
M 
B 
B 
M 
S 
B 
! G 
! B 
S 

w B 
fw B 
S 
! B 
! B 


0.6 
- 0.0 
- 0.2 
-0.3 
-0.4 
-0.4 
-0.5 
-0.3 
-0.3 
-0.3 
0.6 
- 0.1 
-0.4 
-0.7 
-0.5 
0.0 
- 0.6 
- 0.2 


SC 6.3 B 
AA 
HD 
HD 
Y 

HD 
YF 
YF 
AA 
HD 
AA 
AA 


Y 

AA 

YG 

YG 


DC 

TAIL 

PA 

OBS. 

9 



RAD01 

8 

14 


K0N06 

7/ 

8 

335 

PLS 

7/ 

10 

340 

H0R02 

6 

4 

325 

HYN 


4 


LIB 

5 

16 


BAR06 

S7 

9 


BAR06 

6 

3 


MCK 


8 

9 

6 / 

8 

6 / 


6 

57 

58 
8 
6 


7/ 

D8 

8 

5 

7 


8 

S8 

8 

9 

8 

6 

6 / 


S7 


0.0 E 

1 

11 

9 

3.5 B 

7 

15 

S7/ 

5.0 B 

7 

15 

S8 

0.0 E 

1 

30 

D8 

5.0 B 

7 

16 

S7 

0.0 E 

1 


S8/ 

5.0 R 

1 



0.0 E 

1 

12 

9/ 

3.5 B 

7 

15 

S7/ 

0.7 E 

1 

10 

8 

4.0 B 

8 

25 

6 

5.0 B 

10 

16 

8 

0.0 E 

1 


6/ 

0.0 E 

1 


8 

11.0 L 7 

32 

30 

6/ 

0.7 E 

1 


8/ 

0.7 E 

1 


81 


3.5 

>2 


9 

5 

3.3 

10 

10 

5 

6 
6 


320 


24 

28 

120 

20 

6 

3 


10 
5 
2 
4 
12 
8 
ft 2 
10 
14 
13 


340 

340 


SHA02 

KYS 

CHE03 

GRE 

IVA03 

CHA02 

HOM 

LEH01 

MOR04 

MOS03 

MAI 

HAN04 


17 

340 

HOR02 

13 


ANZ 

18 

325 

CAN04 

>6 


MIK 

7.5 


ROG02 

10.5 


P0P01 

PER01 

VIT01 

PER01 

VIT01 


335 

335 


345 

320 


VIT01 

PER01 

GRE 

OME 

M0R04 

MEN03 


7 

345 

RAD01 

MOE 

5 


MCK 

9 


IVA03 

5 


GRE 

HAH04 

11 

339 

LEH01 

6 


GEN01 

18 


MIL02 

4 


DIH01 

10 

325 

SPR 

6 

338 

HAR09 

4 

325 

MOR04 

CAN04 

11 

340 

LEH01 

15 

338 

ADA03 


325 

340 

354 

350 

330 


340 


ADA03 

SPR 

HAR09 

SHA02 

TAY 

MOE 

CHE03 

GRE 

IVA03 

SKI 

GRA04 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE 

(UT) 

N MM MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 

03 

16.12 

| 

N 1.8 

YG 

5.0 

B 

10 

17 

8 

13 


GRA04 

1997 

03 

16.16 

j 

S 0.0 

AA 

0.7 

E 

1 

25 

8 

3 

320 

MEN03 

1997 

03 

16.17 

1 

S -0.5 

AA 

0.0 

E 

1 





ANZ 

1997 

03 

16.17 


V -0.3 

YF 

2.3 

A 4 

a 3 

+32 

8 

>6 


MIK 

1997 

03 

16.22 

a 

B 0.1 

AT 

3.5 

R 

1 





VIT01 

1997 

03 

16.22 

a 

G 0.3 

AT 

0.0 

E 

1 





PER01 

1997 

03 

16.22 

a 

G 0.3 

AT 

0.0 

E 

1 





VIT01 

1997 

03 

16.23 

a 

B 0.3 

AT 

3.5 

R 

1 





PER01 

1997 

03 

16.23 

a 

I -0.4 

AT 

0.0 

E 

1 



12 

310 

VIT01 

1997 

03 

16.23 

ra 

I -0.4 

AT 

3.4 

B 

9 





PER01 

1997 

03 

16.23 

a 

I -0.6 

AT 

0.0 

E 

1 



16 

310 

PER01 

1997 

03 

16.38 

V 

B -0.6 

Y 

0.0 

E 

1 


8 

15 


GRE 

1997 

03 

16.75 




5.0 

B 

7 

14 

D7 

k 7 

339 

VEL03 

1997 

03 

16.80 

w 

M -0.5 

Y 

0.0 

E 

1 

30 

D8 

6 

320 

CAN04 

1997 

03 

16.83 

j 

B -0.2 

YG 

0.7 

E 

1 


8/ 

13 

340 

GRA04 

1997 

03 

16.88 

j 

B 0.4 

AA 

7.0 

B 

16 

10 

D6 

5 

334 

TAY 

1997 

03 

16.97 

1 

B -0.7: 

YG 

0.7 

E 

1 


8/ 

5 


SKI 

1997 

03 

16.99 

j 

N 1.7 

YG 

5.0 

B 

10 

15 

7/ 



GRA04 

1997 

03 

16.99 

! 

N 4.8 

YG 

20.3 

T 10 

123 





GRA04 

1997 

03 

16.99 

w 

B -0.4 

Y 

0.0 

E 

1 


8 



GRE 

1997 

03 

17.03 

a 

G -0.6: 

SC 

0.0 

E 

1 

15 

9 

4 

330 

CRE01 

1997 

03 

17.08 


B 0.8: 

AA 

5.0 

B 

7 

9 

6 

6.7 


HOM 

1997 

03 

17.08 

w 

B -0.5 

AA 

0.0 

E 

1 

60 

5 

16 


BAR06 

1997 

03 

17.09 

w 

M -0.2 

AA 

4.0 

R 

8 

35 

S7 

10 


BAR06 

1997 

03 

17.10 

w 

M -0.8 

AA 

0.0 

E 

1 

25 

7 

14 

350 

CHE03 

1997 

03 

17.13 


B -0.3 

AA 

2.0 

B 

2 

12 

8 

9 

354 

KOZ 

1997 

03 

17.13 


G -0.2 

AA 

0.0 

E 

1 

19 

D8 

14 

342 

VEL03 

1997 

03 

17.15 

I 

G 0.5 

LM 

0.7 

E 

1 

10 

8 

2 

314 

SHA02 

1997 

03 

17.15 

a 

B -0.4 

AA 

0.7 

E 

1 


8 



BOU 

1997 

03 

17.17 

i 

G 0.3 

LN 

0.8 

E 

1 

12 

8 

10 

341 

SHA02 

1997 

03 

17.20 


B -0.9 

SC 

0.7 

E 

1 


5 

7 


R0G02 

1997 

03 

17.22 

~a 

B 0.4 

AT 

3.5 

R 

1 





VIT01 

1997 

03 

17.22 

a 

G 0.2 

AT 

0.0 

E 

1 





PER01 

1997 

03 

17.22 

a 

G 0.3 

AT 

0.0 

E 

1 





VIT01 

1997 

03 

17.22 

a 

I -0.5 

AT 

0.0 

E 

1 





vrroi 

1997 

03 

17.22 

a 

1-0.5 

AT 

0.0 

E 

1 



10 

300 

PEROl 

1997 

03 

17.23 


B -0.2 

AA 

5.0 

B 

7 

12 

D8 

15 

342 

VEL03 

1997 

03 

17.23 

a 

B 0.3 

AT 

3.5 

R 

1 





PEROl 

1997 

03 

17.23 

ra 

I -0.5 

AT 

3.4 

B 

9 





PEROl 

1997 

03 

17.38 

fw 

B -0.6 

Y 

0.0 

E 

1 


8/ 

*15 


GRE 

1997 

03 

17.70 


B -0.4 

HD 

3.5 

B 

7 

15 

S7/ 

5 

340 

HARO 9 

1997 

03 

17.70 

¥ 

B -0.9 

SC 

0.0 

E 

1 


9 



RAD01 

1997 

03 

17.74 




5.0 

B 

7 

12 

D8 

&6 

346 

VEL03 

1997 

03 

17.74 


G 0.0 

HD 

0.0 

E 

1 

20 

8 

6 


BRU 

1997 

03 

17.75 


B -0.5 

HD 

5.0 

B 

7 

19 

S8 

5 

340 

M0R04 

1997 

03 

17.79 

a 

M -0.7 

S 

5 

R 

1 

30 

7/ 

8 

320 

H0R02 

1997 

03 

17.79 

a 

0-0.1 

S 

0.0 

E 

1 

40 


5 


LIB 

1997 

03 

17.79 

a 

0 -0.5 

SP 

0.0 

E 

1 

40 

8 

11 

345 

ZNO 

1997 

03 

17.80 

V 

B -0.7 

AA 

0.0 

E 

1 

60 

5 

16 


BAR06 

1997 

03 

17.80 

¥ 

M -0.6 

Y 

0.0 

E 

1 

30 

D8 

6.5 

320 

CAN04 

1997 

03 

17.81 

! 

S -0.4 

AA 

0.0 

E 

1 

&15 

7/ 

12 

350 

NAG08 

1997 

03 

17.81 

¥ 

H -0.3 

AA 

5.0 

B 

7 

35 

S7 

10 


BAR06 

1997 

03 

17.82 


S -0.5 

AA 

5.0 

B 

10 

16 

8 

11 

350 

MOE 

1997 

03 

17.82 

i 

B -0.6 

YG 

0.7 

E 

1 


8 

7 


SKI 

1997 

03 

17.83 


M -0.6 

AA 

0.0 

E 

1 

&20 

8 

ft4 

320 

PAL02 

1997 

03 

17.84 

j 

S -0.5 

YG 

0.7 

E 

1 





HEE 

1997 

03 

18.01 

! 

B -0.3 

YG 

0.7 

E 

1 


8/ 

6 

330 

GRA04 

1997 

03 

18.09 


B -0.5 

HD 

5.0 

B 

7 

16 

S8 

11 

340 

M0RO4 

1997 

03 

18.10 


S 0.0 

AA 

6 

R 10 

16 

21 

8 

7 

310 

ROM 

1997 

03 

18.13 


S -1.5 

AA 

6.3 

R 13 

52 

15 

S9 


353 

KOS 

1997 

03 

18.14 

¥ 

M -0.7 

Y 

0.0 

E 

1 

25 

D8 

20 

320 

. CAH04 

1997 

03 

18.15 

a 

M -0.6 

S 

5 

R 

1 

30 

7/ 

15 

345 

H0R02 

1997 

03 

18.15 

a 

M -0.6 

TI 

5 

R 

1 

35 

8 

8 

295 

DYO 

1997 

03 

18.20 


S 0.0 

SC 

3.0 

B 

8 


7 

10 

45 

DIN01 

1997 

03 

18.21 


M -0.7 

S 

5.0 

B 

7 

20 

S8/ 

15 


G0N05 
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INTERNATIONAL COMET quarterly 


DATE (UT) 

1997 03 18.22 
1997 03 18.22 
1997 03 18.22 
1997 03 18.22 
1997 03 18.38 
1997 03 18.72 
1997 03 18.74 
1997 03 18.75 
1997 03 18.76 
1997 03 18.84 
1997 03 19.05 
1997 03 19.05 
1997 03 19.08 
1997 03 19.10 
1997 03 19.13 
1997 03 19.16 
1997 03 19.19 
1997 03 19.80 
1997 03 19.80 
1997 03 19.80 
1997 03 19.81 
1997 03 19.84 
1997 03 19.84 
1997 03 19.91 
1997 03 19.99 
1997 03 20.04 
1997 03 20.17 
1997 03 20.17 
1997 03 20.18 
1997 03 20.45 
1997 03 20.45 
1997 03 20.77 
1997 03 20.78 ' 
1997 03 20.80 
1997 03 20.81 
1997 03 20.90 
1997 03 20.90 
1997 03 21.04 
1997 03 21.06 
1997 03 21.10 
1997 03 21.10 
1997 03 21.11 
1997 03 21.12 
1997 03 21.12 
1997 03 21.21 
1997 03 21.38 
1997 03 21.75 
1997 03 21.75 
1997 03 21.76 
1997 03 21.76 
1997 03 21.78 
1997 03 21.80 
1997 03 21.80 
1997 03 21.80 
1997 03 21.80 
1997 03 21.80 
1997 03 21.80 
1997 03 21.80 
1997 03 21.82 
1997 03 21.84 
1997 03 21.84 
1997 03 21.84 
1997 03 22.10 
1997 03 22.12 
1997 03 22.14 


N MM 
a B 
a 
a 
ra 
a 


G 

I 

I 

B 

B 

B 

B 

0 

B 

B 

N 

B 

S 

G 

B 

S 

G 

G 

M 


a B 
; 
i 


B 
B 
S 
B 
S 
B 
N 
N 
B 
M 
S 
0 
B 
M 
I 
S 
G 
B 
I 
M 
B 
! N 
w B 
M 
w B 
! M 
w B 
a B 
a M 
G 
G 
S 
! B 
! N 
i M 
i M 
i M 
S 


f s 


MAG. 
- 0.2 
0.2 
- 0.6 
- 0.6 
- 0.6 
-0.5 
0 . 6 : 
0.3 
-0.5: 
-0.7 
-0.4 
1.6 
- 0.6 
- 0.1 
-0.5 
-0.5 
- 1.0 
0.2 
0.6 
- 0.8 
- 0.8 
-0.3 
-0.7 
- 1.0 
-0.5 
- 0.2 
-0.3 
1.7 
5.0 
-0.9 
- 0.6 
- 0.2 
-0.7 
- 0.6 
-0.3 
- 0.6 
- 1.1 
- 0.8 
-0.9 
-0.5 
-0.3 
-0.3 
1.6 
- 0.6 
- 0.8 
- 0.8 
- 0.6 
-0.5 
-0.7 
-0.7: 
- 0.1 
0.3: 
- 0.6 
-0.4 
1.6 
-0.7 
-0.3 
- 1.0 
- 1.2 


RF 
AT 
AT 
AT 
AT 

Y 
AA 
AA 
SC 

Y 
AA 
YG 
YG 
HD 
AA 
AA 
YG 
AA 
SC 
SC 

Y 

AA 
AA 
YG 
AA 

Y 

AA 
YG 
YG 
YG 
AE 
AE 
AA 
SP 
AA 
AA 
AA 
AA 
SC 
YG 
AA 
AA 
YG 
YG 
AA 
S 

Y 

Y 

AA 
AA 
AA 
AA 
SC 
AA 
YG 
YG 
SC 
AA 
Y 
AE 


R 10 
E 


B 

E 

E 

B 

E 


S -0.3 
a B -0.6 
s M -0.2: 
w B -0.5: 
a B -0.7 


AA 

AA 

AA 

AA 

AA 


AP. T 
3.5 R 
0.0 E 
0.0 E 

3.4 B 
0.0 E 
0.7 E 

3.0 B 

3.5 R 

5.0 B 
0.0 E 
0.7 E 
5.0 B 
5.0 B 
6 

0.0 
0.7 
5.0 B 
0.7 E 

5.0 
0.0 
0.0 

4.0 
0.7 

5.0 B 
0.0 E 

11.0 L 
0.7 E 
5.0 B 

20.3 T 
0.0 E 

5.0 R 

5.0 B 
0.0 E 
0.0 E 

4.0 R 

0.8 

5.0 
0.0 
0.7 
0.8 

4.0 
0.7 

5.0 B 
0.0 E 
5.0 B 
0.0 E 
0.0 E 
0.0 E 
0.0 E 
0.0 E 
0.0 E 
0.7 E 
5.0 
0.7 

5.0 B 
0.0 E 

4.0 R 
0.0 E 

5.0 B 

5.0 B 
0.0 E 
0.7 E 

4.0 
0.0 
0.7 


F/ 


10 


B 


R 


B 


R 


PWR 
1 
1 
1 
9 
1 
1 
7 

i 30 
7 
1 
1 

10 

7 

16 

1 

1 

8 
1 

7 
1 
1 

8 
1 
8 
1 

32 

1 

10 

123 

1 

1 

10 
1 
1 
8 
1 
8 
1 
1 
1 
8 
1 

10 
1 
7 
1 
1 
1 
1 
1 
1 
1 

10 
1 

10 
1 
8 
1 
8 

7 
1 
1 

8 
1 
1 


COMA DC TAIL 


PA 


20 

5.5 

15 
20 

£15 

16 
21 


40 

12 

12 

30 

22 

12 

40 

30 


50 

35 

70 

40 

15 

40 

20 


40 

15 

70 

20 

13 

60 


25 

10 

16 

15 

15 

40 

25 

40 

15 


40 

60 


8 / 

8 

6 

8 / 

8 

7 

8 

7/ 

S8 

8 

8 / 

8 

8 

8 

D8 

7 
D6 

8 / 

8 
8 

6 / 

8/ 

8 


S9 

7 

8/ 

5 

S7 

8 
8 
9 

8/ 

S7 

8 


11 

£5 

2.5 

2.67 

>3 

9 

6 

9 

12 

7 

15 

7 

10 

2 

2.2 

7 

6 

3.2 

12 

5 

£2.5 

7 
4 

12 

10 

1.1 

8 


10 


6 

12 


S8/ 12 


S7 


6 / 


£5 


8 £2 

8 8 

8 / 

7/ 

8 


6 


S7 

D8 

8 


S7 

5 

8 


5.5 


10 

11 


OBS. 
PER01 
PER01 
315 PER01 
PEROl 
GRE 

325 MES03 
CHY 
319 APE 
KYS 

345 CHE03 
GRA04 
347 GRA04 
352 M0RO4 
310 ROM 
344 VEL03 
SKI 
335 BEA 
323 SHA02 
323 SHA02 
325 CAN04 
308 CHE03 
315 TAY 
346 SKI 
335 BEA 
GRE 
IVA03 
GRA04 
GRA04 
GRA04 
350 ADA03 
ADA03 
325 FOG 
315 ZNO 
BAR06 
BAR06 
340 MOE 
335 BEA 
330 CRE01 
SKI 
HAS 02 
BAR06 
GRA04 
352 GRA04 
BAR06 
G0H05 
GRE 

340 SAR02 
BAR06 
MIL02 
CHE03 
330 SER 
SHA02 
340 MOE 
GRA04 
336 GRA04 
315 GLI 
BAR06 
330 CAN04 
340 BEA 
332 DIE02 
DIE02 
BOD 
BAR06 
BAR06 
328 BOD 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE 

(UT) 

N MM MAG. 

RF 

AP. 

T 

F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 

03 

22.16 

s 

M -0.5 

SC 

0.0 

E 


1 

15 

8 

15 

320 

GLI 

1997 

03 

22.20 

a 

S -0.7 

AA 

0.0 

E 


1 

7 

9 

14 

325 

SPR 

1997 

03 

22.21 


M -0.6 

S 

5.0 

B 


7 

20 

S8/ 

7 


G0NO5 

1997 

03 

22.76 

a 

G -0.2 

AA 

0.0 

E 


1 

20 

9 



NET 

1997 

03 

22.79 


I -0.9 

SC 

0.0 

E 


1 

35 

S7 

>10 

15 

ISH03 

1997 

03 

22.79 


S -0.5 

AA 

5.0 

B 


10 

18 

8 

8 

340 

MOE 

1997 

03 

22.79 

s 

M -0.7 

SC 

0.0 

E 


1 

12 

8 

7 

330 

GLI 

1997 

03 

22.81 

a 

G -0.4 

AA 

0.6 

E 


1 


S8/ 

&6 

326 

KAM01 

1997 

03 

22.81 

y 

M -1.1 

Y 

0.0 

E 


1 

25 

D8 

7 

325 

CAN04 

1997 

03 

22.82 

a 

0 -0.7 

SP 

0.0 

E 


1 

30 

8/ 

6 

320 

ZNO 

1997 

03 

22.83 

a 

M -0.9: 

AA 

0.0 

E 


1 

22 

6/ 



CHE03 

1997 

03 

22.88 

j 

B -0.6 

YG 

0.7 

E 


1 


8/ 

7 


SKI 

1997 

03 

22.89 

1 

B 0.3 

AA 

4.0 

B 


8 

18 

D6 

3 

351 

TAY 

1997 

03 

23.00 

j 

M -0.7 

YG 

0.7 

E 


1 


8/ 

5 


GRA04 

1997 

03 

23.00 

; 

N 1.5 

YG 

5.0 

B 


10 

15 


5 

355 

GRA04 

1997 

03 

23.08 

u 

M -0.1: 

AA 

4.0 

R 


8 

40 

S7 

10 


BAR06 

1997 

03 

23.11 

w 

B -0.4: 

AA 

0.0 

E 


1 

50 

5 



BAR06 

1997 

03 

23.15 

a 

0 -0.2: 

Y 

5.0 

B 


7 

15 

9 

8 


KYS 

1997 

03 

23.16 

a 

0 -0.6 

Y 

0.0 

E 


1 

15 

9 

8 


KYS 

1997 

03 

23.38 

y 

B -0.8 

Y 

0.0 

E 


1 


8 

&5 


GRE 

1997 

03 

23.73 

V 

B -0.4 

SC 

0.0 

E 


1 


8 



RAD01 

1997 

03 

23.74 




5.0 

B 


7 

13 

D8 

&6 

351 

VEL03 

1997 

03 

23.74 


G -0.7 

AA 

0.0 

E 


1 

18 

D8 



VEL03 

1997 

03 

23.76 

a 

0 -0.4 

S 

0.0 

E 


1 

40 


8 


LIB 

1997 

03 

23.77 

a 

0 -0.7 

SP 

0.0 

E 


1 

25 

8 

11 

2 

ZNQ 

1997 

03 

23.78 

y 

B -0.5: 

AA 

0.0 

E 


1 

50 

5 



BAR06 

1997 

03 

23.79 

a 

M -0.8 

S 

5 

R 


1 

30 

7/ 

5 

340 

PLS 

1997 

03 

23.80 

y 

M -0.2: 

AA 

4.0 

R 


8 

40 

S7 

9 


BAR06 

1997 

03 

23.83 

a 

M -0.6 

TI 

5 

R 


1 

30 

7 

3 

295 

DTO 

1997 

03 

24.02 

y 

B -0.6 

Y 

0.0 

E 


1 


8 

&2.5 


GRE 

1997 

03 

24.04 

y 

G -0.8 

SC 

0.0 

E 


1 

20 

9 

6 

340 

CRE01 

1997 

03 

24.07 

y 

M -0.2: 

AA 

4.0 

R 


8 

30 

S7 

9 


BAR06 

1997 

03 

24.18 

a 

S -0.5 

AA 

0.0 

E 


1 

10 

9 

9 

320 

SPR 

1997 

03 

24.38 

a 

B -0.6 

Y 

0.0 

E 


1 


8 

A4 


GRE 

1997 

03 

24.78 


S 0.3 

AA 

0.7 

E 


1 

17 

S2/ 

32 

342 

CSU 

1997 

03 

24.80 


I -1.0 

SC 

0.0 

E 


1 

35 

S7 

>10 

17 

ISH03 

1997 

03 

24.84 

j 

B 0.2 

AA 

4.0 

B 


8 

24 

D6 

3.2 

12 

TAY 

1997 

03 

24.86 

i 

B -0.3: 

YG 

0.7 

E 


1 


8 

5.5 


SKI 

1997 

03 

24.86 

i 

M -0.6 

YG 

0.7 

E 


1 


8/ 

6 


GRA04 

1997 

03 

24.86 

i 

N 1.7 

YG 

5.0 

B 


10 

20 

8 

6 

345 

GRA04 

1997 

03 

24.97 

i 

G -0.3 

SC 

0.7 

E 


1 

10 

8 

2.6 

349 

SHA02 

1997 

03 

25.00 

fw 

B -0.6 

Y 

0.0 

E 


1 


8 

&4 


GRE 

1997 

03 

25.07 


N 4.9 

YG 

20.3 

T 

10 

80 





GRA04 

1997 

03 

25.12 

a 

B -0.5: 

AA 

0.0 

E 


1 

40 

6 



BAR06 

1997 

03 

25.12 

a 

M -0.4: 

AA 

4.0 

R 


8 

20 

ST 



BAR06 

1997 

03 

25.74 

y 

B -0.5 

SC 

0.0 

E 


1 


9 



VEL02 

1997 

03 

25.75 

a 

G -0.2 

AA 

0.0 

E 


1 

23 

9 

8 

357 

NEV 

1997 

03 

25.75 

y 

B -0.6 

SC 

0.0 

E 


1 


9 



RAD01 

1997 

03 

25.77 

a 

1 -1.0: 

AA 

0.0 

E 


1 



4 


MIL02 

1997 

03 

25.79 

a 

B -0.6 

AA 

0.0 

E 


1 

40 

5 



BAR06 

1997 

03 

25.79 

a 

M -1.2 

AA 

0.0 

E 


1 


7 

15 

0 

CHE03 

1997 

03 

25.80 


M -0.8 

AA 

0.0 

E 


1 

A20 

8 

&5 

320 

PAL02 

1997 

03 

25.80 

a 

M -0.4: 

AA 

4.0 

R 


8 

23 

S8 



BAR06 

1997 

03 

25.84 


M -1.1 

S 

5.0 

B 


7 

20 

S8/ 

10 


G0N05 

1997 

03 

25.84 


S -0.5: 

S 

0.7 

E 


1 



6 

348 

TH003 

1997 

03 

26.12 

a 

B -0.5: 

AA 

0.0 

E 


1 

35 

6 



BAR06 

1997 

03 

26.12 

a 

M -0.3: 

AA 

4.0 

R 


8 

22 

S7 



BAR06 

1997 

03 

26.12 

y 

M -1.0 

Y 

0.0 

E 


1 

25 

D8 

6 

330 

CAN 04 

1997 

03 

26.75 

a 

G 0.0 

AA 

0.0 

E 


1 

23 

9 

8 

358 

NEV 

1997 

03 

26.75 

y 

B -0.6 

SC 

0.0 

E 


1 


8 



RAD01 

1997 

03 

26.76 

a 

B -0.6 

AA 

0.0 

E 


1 

40 

6 



BAR06 

1997 

03 

26.76 

a 

M -0.5 

AA 

4.0 

R 


8 

20 

S7 



BAR06 

1997 

03 

26.77 




5.0 

B 


7 

18 

D8 

10 

4 

VEL03 

1997 

03 

26.77 


G -0.9 

AA 

0.0 

E 


1 


S2/ 



VEL03 

1997 

03 

26.77 


S 0.0 

AA 

0.7 

E 


1 

17 



CSU 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE (UT) 

N MM MAG. 

1997 03 26.79 

a S -0.7 

1997 03 26.81 

a M -1.2 

1997 03 26.83 

B -0.8 

1997 03 26.84 

S -0.5 

1997 03 26.84 

! B -0.4 

1997 03 26.84 

v G -0.9 

1997 03 26.84 

w I 0.0 

1997 03 26.85 

M -1.1 

1997 03 26.85 

S -1.4 

1997 03 26.85 

! B -0.7 

1997 03 26.85 

w B -0.4 

1997 03 26.85 

w B -0.5 

1997 03 26.85 

w G -1.1 

1997 03 26.85 

rw I -1.0 

1997 03 26.85 

w I -1.3 

1997 03 26.85 

w M -1.1 

1997 03 26.86 

! M -0.6 

1997 03 26.87 

! N 1.5 

1997 03 26.91 

! G -0.2 

1997 03 27.06 

a G -0.8 

1997 03 27.14 

a B -0.8 

1997 03 27.16 

a S -0.8 

1997 03 27.26 

w M -0.7 

1997 03 27.74 

B -0.7 

1997 03 27.74 

B -1.0 

1997 03 27.75 

B -0.7 

1997 03 27.75 

B -0.7 

1997 03 27.76 

G -0.8 

1997 03 27.76 

a B -0.6 

1997 03 27.76 

a M -0.5 

1997 03 27.81 

M -1.0 

1997 03 27.81 

S -0.6 

1997 03 27.82 

TT M -1.2 

1997 03 27.83 

B -1.8 

1997 03 27.83 

! V -0.5 

1997 03 27.85 

B -1.0 

1997 03 27.85 

M -1.1 

1997 03 27.85 

a B -0.6 

1997 03 27.85 

a B -0.7 

1997 03 27.85 

a G -1.2 

1997 03 27.85 

a G -1.2 

1997 03 27.85 

ra I -0.8 

1997 03 27.85 

a I -1.0 

1997 03 27.85 

a I -1.5 

1997 03 27.86 

B -0.7 

1997 03 27.89 

! B -0.9 

1997 03 27.89 

a 0 -0.3 

1997 03 27.90 

! M -0.8 

1997 03 27.90 

! N 1.5 

1997 03 27.97 

! B 0.2 

1997 03 28.02 

fw B -0.8 

1997 03 28.05 

a 6 -0.8 

1997 03 28.07 

! N 4.5 

1997 03 28.12 

! 6 - 0.1 

1997 03 28.74 

B -0.7 

1997 03 28.74 

B -0.7 

1997 03 28.76 

B -1.0 

1997 03 28.76 

B -1.9 

1997 03 28.76 

S -0.8 

1997 03 28.77 

a M -0.7 

1997 03 28.80 

a M -1.1 

1997 03 28.81 

a M -0.6 

1997 03 28.81 

a M -1.0 

1997 03 28.81 

a 0 -0.9 

1997 03 28.82 

S -0.6 


RF 

AP . T F/ 

PWR 

co: 

SC 

0.6 E 

1 

20 

AA 

0.0 E 

1 

20 

S 

0.0 E 

1 

15 

: S 

0.7 E 

1 


AA 

4.0 B 

8 

21 

AT 

0.0 E 

1 


AT 

0.0 E 

1 


S 

5.0 B 

7 

20 

AE 

5.0 B 

8 

40 

YG 

0.7 E 

1 


AT 

3.5 R 

1 


AT 

3.5 R 

1 


AT 

0.0 E 

1 


AT 

3.4 B 

9 


AT 

0.0 E 

1 


Y 

0.0 E 

1 

25 

YG 

0.7 E 

1 


YG 

5.0 B 

10 

27 

SC 

0.7 E 

1 

10 

SC 

0.0 E 

1 

20 

AA 

0.7 E 

1 


AA 

0.0 E 

1 

18 

SC 

0.0 E 

1 


SC 

6.3 R 

34 


AA 

8.0 B 

12 

15 

SC 

6.3 R 

34 


SC 

6.3 R 

34 


AA 

0.0 E 

1 

15 

AA 

0.0 E 

1 

40 

AA 

4.0 R 

8 

20 

AA 

0.0 E 

1 

£20 

AA 

5.0 B 

10 

22 

Y 

0.0 E 

1 

25 

SC 

6.3 R 

53 


YF 

3.2 A 3 

a 1 

+34 

S 

0.0 E 

1 

20 

S 

5.0 B 

7 

20 

AT 

3.5 R 

1 


AT 

3.5 R 

1 


AT 

0.0 E 

1 


AT 

0.0 E 

1 


AT 

3.4 B 

9 


AT 

0.0 E 

1 


AT 

0.0 E 

1 


SC 

6.3 R 

34 


YG 

0.7 E 

1 


S 

0.0 E 

1 

40 

YG 

0.7 E 

1 


YG 

5.0 B 

10 

26 

AA 

5.0 B 

10 

12 

Y 

0.0 E 

1 


SC 

0.0 E 

1 

20 

YG 

20.3 T 10 

123 


SC 

0.7 E 

1 

10 

SC 

6.3 R 

34 


SC 

6.3 R 

34 


AA 

8.0 B 

12 

15 

SC 

6.3 R 

53 


SC 

0.6 E 

1 

12 

Y 

0.0 E 

1 

20 

S 

5 R 

1 

50 

S 

0.0 E 

1 

25 

S 

5 R 

1 

45 

SP 

0.0 E 

1 

25 

AA 

5.0 B 

10 

23 


DC 

TAIL 

PA 

OBS. 

8/ 

>10 

345 

OKS 

7 

8 

343 

CHE03 

9 

10 

5 

MAR02 


6 

345 

TH003 

7 

3.5 

345 

TAY 




PER01 


10 

10 

VIT01 

S8/ 

14 


G0N05 

8 

11 

350 

BEA 

8 

16 

1 

SKI 




VIT01 




PER01 




VIT01 




PER01 


10 

5 

PER01 

D8 

9 

330 

CAN04 

8/ 

15 

7 

GRA04 

8 

15 


GRA04 

7 

5.5 

347 

SHA02 

9 

14 

0 

CRE01 

8 

9.5 

337 

BOU 

9 

14 

330 

SPR 


20 


OME 


3 


HAN04 

9 

2.5 

340 

MEN03 


4 


FIL06 


4 


GEN 

D8 

11 

2 

VEL03 

6 

15 

5 

BAR06 

S7 



BAR06 

8 

10 

320 

PAL02 

8 

14 

10 

MOE 

D8 

11 

335 

CAN04 

7 

12.5 


P0P01 

8 

>7 


MIK 

9 

16 

5 

MAR02 

S8/ 

16 


G0N05 


VIT01 

PER01 

PEE01 

VIT01 

PER01 



10 


VIT01 


10 


PER01 


4 


KOJOl 

8 

15 


SKI 


3 


LIB 

8/ 

15 

5 

GRA04 

8 

13 


GRA04 

7 

2.2 

355 

TAY 

8 

£13 


GRE 

9 

15 

5 

CRE01 




GRA04 

8 

6 

339 

SHA02 


9 


CEA02 


9 


KOJOl 

9 

2.5 

330 

MEN03 

7 

12 


P0P01 

9 

10 

350 

OKS 

9 

15 


KYS 

8 

16 

325 

H0R02 

9 

24 


. K0N06 

7/ 

16 

340 

PLS 

8 

21 

12 

ZNO 

8 

15 

10 

MOE 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE 

(UT) 

N MM MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 

03 

28.82 

! B -0.3 

AA 

4.0 

B 


8 

18 

7 

3 

358 

TAY 

1997 

03 

28.82 

w M -0.9 

SC 

0.0 

E 


1 

12 

8 

12 

340 

GLI 

1997 

03 

28.84 

a B -0.8 

AA 

0.7 

E 


1 


8 

15 

10 

BOU 

1997 

03 

28.85 



5.0 

B 


7 

12 

7 

10 

355 

DIE02 

1997 

03 

28.85 

S -0.7 

AA 

0.0 

E 


1 





DIE02 

1997 

03 

28.85 

! G -0.4 

AE 

0.8 

E 


1 

10 

8 

15 

12 

SHA02 

1997 

03 

28.85 

a G -1.3 

AA 

0.8 

E 


1 



8.0 

330 

HAS02 

1997 

03 

28.85 

a I -1.4 

AT 

0.0 

E 


1 



*8 


VIT01 

1997 

03 

28.88 

B -0.9 

S 

0.0 

E 


1 

12 

9 

15 

5 

MAR02 

1997 

03 

28.88 

S -1.1 

AE 

5.0 

B 


8 

50 

8 

12 

350 

BEA 

1997 

03 

28.89 

B -1.3 

S 

0.0 

E 


1 


9 

20 

3 

SAN04 

1997 

03 

28.89 

! M -0.8 

YG 

0.7 

E 


1 


8/ 

15 

6 

GRA04 

1997 

03 

28.89 

! N 1.6 

YG 

5.0 

B 


10 

25 

8 

13 

350 

GRA04 

1997 

03 

28.89 

a 0 -0.5 

S 

0.0 

E 


1 

40 


7 


LIB 

1997 

03 

28.94 

! B -0.6 

YG 

0.7 

E 


1 


8 

15 


SKI 

1997 

03 

28.98 

! N 4.5 

YG 

20.3 

T 

10 

123 





GRA04 

1997 

03 

29.76 

G -0.9 

AA 

0.0 

E 


1 



11 

7 

VEL03 

1997 

03 

29.76 

S 0.0 

AA 

0.7 

E 


1 

17 

S2/ 



CSU 

1997 

03 

29.77 

B -0.5 

AA 

5.0 

B 


10 

50 

8 

2.8 


FOG 

1997 

03 

29.77 

S -1.8 

AA 

6.3 

R 

13 

52 

25 

S9 


15 

KOS 

1997 

03 

29.78 

a B -0.4 

AA 

0.0 

E 


1 



16 


MIL02 

1997 

03 

29.79 

! B -0.9 

Y 

0.0 

E 


1 

12 

S8 

13 

10 

SAR02 

1997 

03 

29.81 

G 0.0: 

SC 

0.7 

E 


1 

*10 

8 

1 

360 

SHA02 

1997 

03 

29.82 

S -0.6 

AA 

5.0 

B 


10 

24 

8 

17 

15 

MOE 

1997 

03 

29.82 

a M -0.9 

Y 

0.0 

E 


1 

20 

9 

>15 


KYS 

1997 

03 

29.83 

B -1.0 

S 

0.0 

E 


1 

10 

9 

19 

10 

MAR02 

1997 

03 

29.83 

! V -0.4 

YF 

3.2 

A 

3 

a 1 

+34 

8 

>7 


MIK 

1997 

03 

29.83 

w M -1.2 

Y 

0.0 

E 


1 

25 

D8 

15 

330 

CAN04 

1997 

03 

29.85 

M -0.9 

AA 

0.0 

E 


1 

*25 

8 

15 

330 

PAL02 

1997 

03 

29.85 

M -1.1 

S 

5.0 

B 


7 

20 

S8/ 

19 


G0N05 

1997 

03 

29.85 

S -1.0 

AE 

5.0 

B 


8 

40 

8 

8 

355 

BEA 

1997 

03 

29.85 

~a B -0.7 

AT 

3.5 

R 


1 





PER01 

1997 

03 

29.85 

a B —0 . 8 

AT 

3.5 

R 


1 





vrroi 

1997 

03 

29.85 

a G -1.0 

AT 

0.0 

E 


1 





PEROl 

1997 

03 

29.85 

a G -1.1 

AT 

0.0 

E 


1 





VTT01 

1997 

03 

29.85 

ra I -1.0 

AT 

3.4 

B 


9 





PEROl 

1997 

03 

29.85 

a I -1.1 

AT 

0.0 

E 


1 





PEROl 

1997 

03 

29.85 

a I -1.1 

AT 

0.0 

E 


1 





VIT01 

1997 

03 

29.85 

ra I -1.3: 

AT 

3.4 

B 


9 





vrroi 

1997 

03 

29.85 

a 0 -0.9 

SP 

0.0 

E 


1 

25 

8/ 

18 

9 

ZNO 

1997 

03 

29.86 

! B -0.6 

AA 

4.0 

B 


8 

19 

7 

4.2 

360 

TAY 

1997 

03 

29.88 

a M -1.1 

S 

5 

R 


1 

45 

8 

12 

330 

H0R02 

1997 

03 

29.89 

a B -0.9 

Y 

10 

B 


25 

40 

7 

6 

345 

HYN 

1997 

03 

29.96 

IB -0.5 

YG 

0.7 

E 


1 



10 


SKI 

1997 

03 

30.13 

! M -0.7 

YG 

0.7 

E 


1 


8 

9 

351 

GRA04 

1997 

03 

30.13 

! N 1.7 

YG 

5.0 B 


10 

20 

7/ 

8 

8 

GRA04 

1997 

03 

30.15 

! N 4.7 

YG 

20.3 

T 

10 

123 





GRA04 

1997 

03 

30.75 

a B -0.8 

AA 

0.0 

E 


1 

40 

6 

15 


BAR06 

1997 

03 

30.75 

a G -0.9 

AA 

0.0 

E 


1 

40 

6 

15 


BAR06 

1997 

03 

30.76 

G -0.9 

AA 

0.0 

E 


1 





VEL03 

1997 

03 

30.76 

a G 0.0 

AA 

0.0 

E 


1 

26 

9 

11 

5 

NEV 

1997 

03 

30.77 

a M -1.2 

AA 

0.0 

E 


1 

*30 

7 

17 

14 

CHE03 

1997 

03 

30.77 

a 0 -0.8 

SP 

0.0 E 


1 

20 

7 

20 

8 

ZNO 

1997 

03 

30.78 

S -1.8 

AA 

6.3 

R 

13 

52 

25 

S9 


15 

KOS 

1997 

03 

30.78 

a B -0.4 

AA 

0.0 

E 


1 



12 


MIL02 

1997 

03 

30.78 

a M -0.8 

Y 

0.0 

E 


1 

20 

9 

17 


KYS 

1997 

03 

30.79 

B -0.8 

AA 

0.0 

E 


1 





STO 

1997 

03 

30.79 

S -0.6 

AA 

5.0 

B 


10 

50 

8 

3.0 

10 

FOG 

1997 

03 

30.79 

S -0.7 

SC 

0.6 E 


1 

15 

8/ 

9 

350 

OKS 

1997 

03 

30.79 

a M -1.1 

s 

5 

R 


1 

45 

7/ 

19 

7 

E0R02 

1997 

03 

30.79 

a M -1.1 

s 

5 

R 


1 

45 

7/ 

20 

5 

PLS 

1997 

03 

30.79 

a M -1.2 

TI 

5 

R 


1 

40 

7/ 

12 


DVO 

1997 

03 

30.80 

! V -0.5 

YF 

3.2 

A 

3 

a 1 

+34 

8 

>7 


MIK 

1997 

03 

30.81 

a 0 -0.6 

S 

0.0 E 


1 

35 


8 


LIB 

1997 

03 

30.82 

s M -0.9 

SC 

0.0 

E 


1 

12 

8 

14 

335 

GLI 
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Comet C/1995 01 (Hale-Bopp) [cont.] 


DATE (UT) 

1997 03 30.83 
1997 03 30.83 
1997 03 30.84 
1997 03 30.85 
1997 03 30.85 
1997 03 30.85 
1997 03 30.86 
1997 03 30.86 
1997 03 30.87 
1997 03 30.87 
1997 03 30.87 
1997 03 31.00 
1997 03 31.01 
1997 03 31.07 
1997 03 31.78 
1997 03 31.79 
1997 03 31.80 
1997 03 31.80 
1997 03 31.83 
1997 03 31.83 
1997 03 31.83 
1997 03 31.83 
1997 03 31.84 
1997 03 31.84 
1997 03 31.84 
1997 03 31.84 
1997 03 31.84 
1997 03 31.85 
1997 03 31.85 
1997 03 31.85 
1997 03 31.85 
1997 03 31.85 
1997 03 31.85 
1997 03 31.85 
1997 03 31.85 
1997 03 31.85 
1997 03 31.86 
1997 03 31.86 
1997 03 31.86 
1997 03 31.86 
1997 03 31.86 
1997 03 31.87 
1997 03 31.95 
1997 04 01.05 
1997 04 01.10 
1997 04 01.14 
1997 04 01.17 
1997 04 01.76 
1997 04 01.77 
1997 04 01.78 
1997 04 01.78 
1997 04 01.78 
1997 04 01.79 
1997 04 01.80 
1997 04 01.80 
1997 04 01.80 
1997 04 01.81 
1997 04 01.82 
1997 04 01.83 
1997 04 01.83 
1997 04 01.84 
1997 04 01.84 
1997 04 01.85 
1997 04 01.85 
1997 04 01.87 


N MM MAG. 

RF 

a B -0.8 

AA 

w M -1.2 

Y 

! G -0.3 

AE 

M -1.1 

S 

! B -0.2 

AA 

a M -0.6 

S 

! M -0.6 

YG 

! N 1.8 

YG 

S -0.7 

AA 

a I -0.9 

AA 

! B -0.8 

YG 

fs B -0.5 

Y 

w B -0.6 

AE 

S -2.0 

AA 

a M -1.1 

S 

a G -1.2 

AA 

a 0 -0.6: 

: Y 

a B -0.9 

Y 

a G -0.5 

AA 

a 0 -0.5 

S 

a 0 -0.7 

SP 

S -0.7 

AA 

! B -0.1 

AA 

a B -0.9 

AA 

a S -0.9 

AA 

B -1.0 

S 

M -1.1 

S 

S -1.0 

AE 

! G -0.7 

AE 

a G -0.9 

AT 

a G -1.0 

AT 

ra I -0.8 

AT 

a I -1.1 

AT 

a I -1.2 

AT 

! B -0.6 

YG 

\ M -0.9 

YG 

! N 1.6 

YG 

a B -0.3 

AT 

a B -0.4 

AT 

a B -0.8 

AA 

! B 0.6 

SC 

w G -0.6 

SC 

a B -0.8 

AA 

w B -0.7 

AE 

a S -0.5 

AA 

a G 0.3 

AA 

a G -1.0 

AA 

a B -0.3 

AA 

a M -1.3 

AA 

a M -1.3 

TI 

a M -0.6 

Y 

! M -1.0 

Y 

a M -1.1 

S 

a 0 -0.7 

SP 

a M -0.8 

S 

s M -0.9 

SC 

a G -1.1 

AA 

a 0 -0.4 

S 

a B -0.9 

AA 

a G -0.3 

AA 

M -1.1 

S 

a S -0.8 

AA 


AP. T F/ PWR 
0.7 E 1 

0.0 E 1 

0.8 E 1 

5.0 B 7 

4.0 B 8 

0.0 E 1 

0.7 E 1 

5.0 B 10 

5.0 B 7 

0.0 E 1 

0.8 E 1 

0.7 E 1 

0.0 E 1 

0.0 E 1 

6.3 R 13 52 

5 R 1 

0.8 E 1 

0.0 E 1 

10 B 25 

0.6 E 1 

0.0 E 1 

0.0 E 1 

5.0 B 7 

0.0 E 1 

4.0 B 8 

0.7 E 1 

5.0 B 10 

0.0 E 1 

5.0 B 7 

5.0 B 8 

0.8 E 1 

0.0 E 1 

0.0 E 1 

3.4 B 9 

0.0 E 1 

0.0 E 1 

0.7 E 1 

0.7 E 1 

5.0 B 10 

3.5 R 1 

3.5 R 1 

0.0 E 1 

5.0 B 7 

0.0 E 1 

0.0 E 1 

0.0 E 1 

0.0 E 1 

0.0 E 1 

0.0 E 1 

0.0 E 1 

0.0 E 1 

5 R 1 

0.0 E 1 

0.0 E 1 

5 R 1 

0.0 E 1 

0.0 E 1 

0.0 E 1 

0.8 E 1 

0.0 E 1 

0.7 E 1 

0.6 E 1 

5.0 B 7 

5.0 B 10 

5.0 B 7 


international comet quarterly 


COMA 

DC 

TAIL 

PA 

OBS. 


8 

21 

12 

BOU 

25 

D8 

11 

330 

CAN04 

9 

8 

14.5 

360 

SIA02 

20 

S8/ 

18 


G0NO5 

21 

8 

1 

15 

TAY 

20 

9 

24 


K0N06 


8 

13 

348 

GRA04 

25 

7/ 

11 

355 

GRA04 

12 

7 

8 

355 

DIE02 





DIE02 

25 

8 

11 

330 

MOE 



15 


SKI 


8 

ft 7 


GRE 


S9 

7 

9 

ADA03 

26 

S9 


20 

KOS 

45 

8 

14 

10 

HOR02 



12.9 

332 

HAS02 

20 

9 

>3 


KYS 

40 

7 

10 

350 

HYN 


S8/ 

15 

10 

KAM01 

35 


8 


LIB 

18 

8 

14 


ZNO 

12 

7 

8 

355 

DIE02 


12 

23 

20 

20 

40 

12 


&20 

22 


45 

18 

21 

40 

21 

24 
38 

130 

30 

20 

12 

40 

18 

25 
10 

35 


20 

20 

11 


8 

8 

8 

9 

S8/ 

8 

8 


8 

8 

7/ 


6 

8 

9 

6 

S9 

9 

9 

6 

7 

7/ 

9 

S8 

8 
8 

8 / 

8 


8 

S8/ 

S8/ 

8 

7 


4.2 

15 

DIE02 

TAY 

14 

14 

BOU 

17 

20 

MOE 

14 

15 

MAR02 

16 


G0N05 

8 

360 

BEA 

16 

350 

SHA02 

15 

20 

PER01 

VIT01 

PER01 

PER01 

14 


VIT01 

SKI 

16 

358 

GRA04 

13 

3 

GRA04 

15 


VIT01 

PER01 

BAR06 

15 

10 

SHA02 

CRE01 

16 


BAR06 

8 

350 

ADA03 

12 

340 

SPR 

12 

9 

NEV 

16 


BAR06 

6 


MIL02 

15 

345 

CEE03 

4 


DVO 

17 


KYS 

25 

15 

SAR02 

5 

10 

HOR02 

16 

10 

ZNO 

23 


K0N06 

15 

20 

GLI 

12.0 

341 

HAS02 

7 


LIB 

22 

15 

BOU 

13 

15 . 

KAM01 

20 


G0N05 

8 

320 

MOE 

8 

358 

DIE02 
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Comet 

C/1995 01 

. (Hale-Bopp) 

[cont .] 







DATE 

CUT) 

N MM HAG. 

RF 

AP . T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 

04 

01.87 

S -0.6 

AA 

0.0 E 

1 





DIE02 

1997 

04 

01.87 

! B -0.5 

YG 

0.7 E 

1 


8 

14 

14 

SKI 

1997 

04 

01.88 

! B -0.6 

YG 

0.7 E 

1 


8 

14 

18 

GRA04 

1997 

04 

01.88 

! N 1.7 

YG 

5.0 B 

10 

23 

7/ 

14 

22 

GRA04 

1997 

04 

02.04 

a B -0.7: 

AA 

0.0 E 

1 

35 

6 

16 


BAR06 

1997 

04 

02.04 

fw B -0.7 

Y 

0.0 E 

1 


8 

£20 


GRE 

1997 

04 

02.06 

w G -0.6 

SC 

0.0 E 

1 

15 

9 

18 

10 

CRE01 

1997 

04 

02.08 

! N 4.3 

YG 

20.3 T 10 

123 





GRA04 

1997 

04 

02.18 

a S -0.3 

AA 

0.0 E 

1 

20 

9 

10 

340 

SPR 

1997 

04 

02.78 

! M -0.9 

Y 

0.0 E 

1 

12 

S8 

24 

20 

SAR02 

1997 

04 02.78 

a B -0.4 

AA 

0.0 E 

1 



4 


MIL02 

1997 

04 

02.78 

a B -0.9 

AA 

0.0 E 

1 

40 

6 

15 


BAR06 

1997 

04 

02.78 

a G 0.2 

AA 

0.0 E 

1 

21 

9 

14 

15 

NEV 

1997 

04 

02.78 

a M -0.9 

AA 

0.0 E 

1 

18 

7 

14 

18 

CHE03 

1997 

04 

02.79 

! V -0.5 

YF 

3.2 A 3 

a 1 

+34 

8 

>7 


MIK 

1997 

04 

02.79 

a 0 -0.7 

SP 

0.0 E 

1 

18 

7/ 

16 

12 

ZNO 

1997 

04 

02.80 

a B -1.0 

Y 

10 B 

25 

30 

7 

8 

360 

HYN 

1997 

04 

02.80 

a H -0.8 

AA 

4.0 R 

8 

25 

S8 



BAR06 

1997 

04 

02.80 

a M -0.9 

S 

5 R 

1 

40 

7/ 

10 

25 

H0R02 

1997 

04 

02.80 

a M -1.1 

S 

5 R 

1 

50 

7/ 

10 

20 

PLS 

1997 

04 

02.80 

a M -1.2 

TI 

5 R 

1 

30 

8 

3 


DVO 

1997 

04 

02.83 

a 0 -0.7 

S 

0.0 E 

1 

35 


9 


LIB 

1997 

04 

02.84 



5.0 B 

7 

11 

7 

8 

0 

DIE02 

1997 

04 

02.84 

S -0.6 

AA 

0.0 E 

1 





DIE02 

1997 

04 

02.85 

M -0.6 

AA 

0.0 E 

1 

£25 

8 

£ 8 


PAL02 

1997 

04 

02.85 

H -0.9 

S 

5.0 B 

7 

20 

S8/ 

18 


G0NO5 

1997 

04 

02.96 

a H -0.9 

AA 

0.0 E 

1 


7 

12 

333 

CHE03 

1997 

04 

03.05 

fw B -0.7 

Y 

0.0 E 

1 


8/ 

£15 


GRE 

1997 

04 

03.78 

! M -1.2 

Y 

0.0 E 

1 

14 

S8 

30 

15 

SAR02 

1997 

04 

03.78 

a B -0.4 

AA 

0.0 E 

1 



5 


MIL02 

1997 

04 

03.79 

a B -0.8 

AA 

0.0 E 

1 

55 

6 

16 


BAR06 

1997 

04 03.79 

a G -0.9 

AA 

0.0 E 

1 

50 

6 

16 


BAR06 

1997 04 

03.79 

a H -0.6 

S 

0.0 E 

1 

20 

8/ 

20 


KON06 

1997 

04 

03.80 

a M -1.0 

S 

5 R 

1 

30 

7/ 

12 

345 

HOR02 

1997 

04 

03.83 

a 0 -0.5 

S 

0.0 E 

1 

35 


7 


LIB 

1997 

04 

03.83 

w M -1.1 

Y 

0.0 E 

1 

25 

D8 

12 

330 

CAN04 

1997 

04 

03.85 



5.0 B 

7 

11 

7 

8 

358 

DIE02 

1997 

04 

03.85 

S -0.6 

AA 

0.0 E 

1 





DIE02 

1997 

04 

03.85 

a B -0.7 

AA 

0.7 E 

1 


8 

16 

20 

BOU 

1997 

04 

03.86 

H -0.8 

S 

5.0 B 

7 

20 

S8/ 

20 


G0N05 

1997 

04 

03.86 

! G -0.5 

AE 

0.7 E 

1 

12 

8 

12 

8 

SHA02 

1997 

04 

03.88 

a S -0.8 

AA 

5.0 B 

10 

22 

8 

12 

30 

MOE 

1997 

04 

03.90 

S -1.1 

AE 

5.0 B 

8 

40 

8 

12 

15 

BEA 

1997 

04 

04.18 

a S -0.8 

AA 

0.0 E 

1 

22 

9 

14 

340 

SPR 

1997 

04 

04.78 

! M -1.1 

Y 

0.0 E 

1 

14 

S8 

35 

15 

SAR02 

1997 

04 

04.81 

a B -0.9 

AA 

0.0 E 

1 

48 

6 

16 


BAR06 

1997 

04 

04.81 

a M -0.9 

AA 

4.0 R 

8 

20 

D7/ 

15 


BAR06 

1997 

04 

04.82 

a S -0.5 

AA 

5.0 B 

10 

20 

8 

12 

25 

HOE 

1997 

04 

04.85 

! M -0.8 

AA 

0.0 E 

1 

125 

8 

£15 


PAL02 

1997 

04 

04.85 

a B -0.4 

AT 

3.5 R 

1 





PER01 

1997 

04 

04.85 

a B -0.6 

AT 

3.5 R 

1 





VIT01 

1997 

04 

04.85 

a G -0.8 

AT 

0.0 E 

1 





VIT01 

1997 

04 

04.85 

a I -1.5 

AT 

0.0 E 

1 





VIT01 

1997 

04 

04.86 

a G -0.9 

AT 

0.0 E 

1 





PER01 

1997 

04 

04.86 

a I -1.1 

AT 

0.0 E 

1 



12 

0 

PER01 

1997 

04 

04.86 

ra I -1.1 

AT 

3.4 B 

9 


6/ 



PER01 

1997 

04 

04.87 

a 0 -0.8 

SP 

0.0 E 

1 

35 

20 

11 

ZNO 

1997 

04 

04.88 

B -0.9 

S 

0.0 E 

1 

25 

9 

13 

340 

MAR02 

1997 

04 

05.05 

a M -0.9 

AA 

0.0 E 

1 

18 

7 

15 

18 

CHE03 

1997 

04 

05.07 

fw B -0.7 

Y 

0.0 E 

1 


8 

£15 

345 

GRE 

1997 

04 

05.19 

a S -0.7 

AA 

0.0 E 

1 

22 

9 

12 

SPR 

1997 

04 

05.78 

a G 0.5 

AA 

0.0 E 

1 

20 

9 



' NEV 

1997 

04 

05.79 

a B -0.8 

AA 

0.0 E 

1 

55 

6 

14 


BAR06 

1997 

04 

05.79 

a M -0.7 

AA 

4.0 R 

8 

21 

D7/ 

15 


BAR06 

1997 

04 

05.81 

B -0.2 

SC 

6.3 R 

34 



18 


CEA02 
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international COMET quarterly 


DATE (UT) 

1997 04 05.82 
1997 04 05.82 
1997 04 05.83 
1997 04 05.86 
1997 04 06.78 
1997 04 06.79 
1997 04 06.82 
1997 04 06.84 
1997 04 06.84 
1997 04 06.84 
1997 04 06.84 
1997 04 06.84 
1997 04 06.85 
1997 04 06.85 
1997 04 06.86 
1997 04 07.20 
1997 04 07.77 
1997 04 07.78 
1997 04 07.78 
1997 04 07.78 
1997 04 07.79 
1997 04 07.80 
1997 04 07.80 
1997 04 07.81 
1997 04 07.81 
1997 04 07.81 
1997 04 07.81 
1997 04 07.81 
1997 04 07.82 
1997 04 07.82 
1997 04 07.84 
1997 04 07.84 
1997 04 07.84 ' 
1997 04 07.85 
1997 04 07.85 
1997 04 07.85 
1997 04 07.85 
1997 04 07.85 
1997 04 07.85 
1997 04 07.85 
1997 04 08.03 1 

1997 04 08.06 
1997 04 08.75 
1997 04 08.76 
1997 04 08.76 
1997 04 08.76 
1997 04 08.77 
1997 04 08.77 
1997 04 08.78 
1997 04 08.78 
1997 04 08.80 
1997 04 08.80 
1997 04 08.83 
1997 04 08.85 
1997 04 08.90 
1997 04 09.06 
1997 04 09.20 
1997 04 09.21 
1997 04 09.75 
1997 04 09.76 
1997 04 09.77 
1997 04 09.78 
1997 04 09.79 
1997 04 09.79 
1997 04 09.81 


N MM MAG. 
B -0.2 


B 

B 


- 1.2 
-0.7 
M -0.8 
B -0.4 
S -0.7 
V -0 


a 

a 

a 

a 

w 


B -0 
G -0 
0 
S 
M 


6 
5 
2 

• 0.6 

• 0.6 

0.2 


RF 

SC 

SC 

s 

s 

AA 

AA 

7F 

AA 

AA 

S 

AA 

SC 


R 

E 

B 

E 

B 

A 


s -0.6 

AA 

M -0.7 

S 

a S -0.3 

AA 

B 0.5 

SC 

! S -0.8 

AA 

a G 0.4 

AA 

a 0 -0.8 

SP 

a M -1.0 

TI 

a B -0.7: 

: AA 

a M -0.7: 

AA 

B 0.5 

SC 

! V -0.5 

YF 

a B -1.1 

Y 

a M -1.0 

S 

a 0 -0.8 

S 

a G -0.8 

AA 

a M -0.6 

S 

B -0.4 

AE 

i S -0.6 

AA 

i G -0.4 

AA 

l B -0.3 

AT 

iB -0.4 

AT 

i B -0.5 

AA 

i G -0.7 

AT 

G -0.8 

AT 

I -0.5 

AT 

I -0.6 

AT 

B -0.5 

Y 

G -0.5 

SC 


AP. T 
6.3 R 
3.5 
0.0 
5.0 
0.0 
5.0 
3.2 
0.7 E 
0.6 E 
0.0 E 
5.0 B 
0.0 E 
5.0 B 
0.0 E 
5.0 B 
0.0 E 
6.3 R 
0.0 
0.0 
0.0 
5 


a 
a 
a 
a 
fa 
v 

B 

B 
a M 


a S 
a I 
a S 
a B 
a G 
a M 
a 0 
a M 
a 0 
! M 
fa B 
a S 
S 
B 
B 
B 
I 
G 
M 
S 


0.7 

0.7 

- 0.6 

-0.7 

- 0.8 

- 0.6 

-0.5 

0.4 

- 1.0 

- 0.8 

- 0.6 

- 0.6 

-0.9 

-0.5 

-0.5 

- 1.0 

1.1 

1.1 

-0.3 

- 0.8 

0.5 

■0.7 

0.6 


SC 

SC 

AA 

AA 

AA 

AT 

AT 

AA 

S 

S 

S 

SP 

AA 

Y 

AA 

AE 

SC 

SC 

AT 

AA 

AA 

AA 

AA 


0.0 

4.0 
6.3 
3.2 

10 

5 

0.0 
0.8 E 
0.0 E 
0.8 E 

5.0 B 
0.6 E 
3.5 R 
3.5 R 
0.7 E 
0.0 E 
0.0 E 
0.0 E 
0.0 E 
0.0 E 
0.0 E 
6.3 R 
6.3 R 
4.0 R 
0.0 E 
0.0 E 
0.0 E 
0.0 E 
0.0 
5 


E 

E 

E 

R 

E 

R 

R 

A 

B 

R 

E 


E 

R 

E 

E 

E 

E 

E 

E 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.0 B 
6.3 R 
6.3 R 
0.0 
0.0 
0.0 

4.0 R 
0.0 E 


E 

E 

E 


3 a 


F/ PWR 
34 

5 30 

1 
7 
1 

10 
1 
1 
1 
1 

10 

1 

7 

1 

7 
1 

34 

1 

1 

1 

1 

1 

8 
34 

3 a 1 
25 
1 


COMA 

6 

20 

20 

50 

+34 


35 

20 

10 

10 

20 

20 


1 

1 

1 

1 

10 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
34 
34 
8 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
8 
34 
34 
1 
1 
1 
8 
1 


21 

40 

35 

45 

18 

+34 

30 

40 

35 

20 

15 

21 


18 


25 

45 

37 


24 
40 
35 

25 
35 

*20 

20 

30 


38 

23 

18 


DC 

8 

9 

S8/ 

8 

8 

8 

S8/ 

8 

8 

7 

S8/ 

9 


9 

7 

8 
6 
8 

8 

7 

7/ 


TAIL 

11 

3.10 

14 

14 

8 

4.0 

>7 

19 

11 

10 


PA 


14 

10 

7 

11 

10 

13 

10 

17 

9 


8/ 

8 

8 

S8/ 


8 


11 

>7 

15 
10 
11 

15.3 

21 

16 
15 
11 


16 


8 / 

9 


S7 

57 

58 


9 

7/ 

8 

7 

8 
8 
9 
8 


*7 

12 

11 

13 

>13 

>12 

>12 

4 

4 

12 

5 

12 
23 
12 
*8 
ft 4 
10 
5 

10 


8 

S7/ >13 

9 16 

S7 >13 


OBS. 
IAN04 
352 APE 
340 MAR02 
G0N05 
MIL02 
32 FOG 
MIK 
29 BOU 
23 KAM01 
LIB 
330 MOE 
25 GLI 
345 DIE02 
DIE02 
G0N05 
340 SPR 
GEN 
ANZ 
29 NEV 
15 ZNO 
DVO 
BAR06 
BAR06 
CHA02 
MIK 
20 HYN 
35 I0R02 
LIB 

340 HAS02 
K0N06 
13 SHA02 
330 MOE 
27 KAM01 
VIT01 
PER01 
30 BOtJ 

vrroi 

PER01 

VIT01 

PER01 

GRE 

0 CRE01 
GEN01 
CHA02 
BAR06 
BAR06 
BAR06 
MIL02 
MIL02 
351 NEV 
35 H0R02 
LIB 
K0N06 
20 ZNO 
PAL02 
GRE 
345 SPR 
25 BEA 
GEN 
VAS03 
MIL02 
BAR06 
349 NEV 
BAR06 
ANZ 
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DATE (UT) 

N MM MAG. 

RF 

AP. IF/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 04 09.81 

a B -1.2 

Y 

10 B 

25 

25 

7 

8 

25 

HYN 

1997 04 09.83 

B 1.1 

SC 

6.3 R 

34 



11 


CHA02 

1997 04 09.83 

a S -0.4 

AA 

5.0 B 

10 

18 

8 

14 

330 

MOE 

1997 04 09.89 

! B 0.3 

SC 

0.8 E 

1 

15 

8 

25 

22 

SHA02 

1997 04 09.91 

w M -0.4 

SC 

0.0 E 

1 

12 

8 

>8 

0 

GLI 

1997 04 09.92 

S -1.0 

AE 

5.0 B 

8 

40 

8 

10 

25 

BEA 

1997 04 10.06 

fw B -0.7 

Y 

0.0 E 

1 


8 

£15 


GRE 

1997 04 10.46 

a S -1.0: 

YG 

0.0 E 

1 

£15 

8/ 

15 

350 

NAN02 

1997 04 10.75 

B 1.1 

SC 

6.3 R 

34 



5 


GEN 

1997 04 10.76 

B 1.1 

SC 

6.3 R 

34 



5 


ILI 

1997 04 10.76 

B 1.1 

SC 

6.3 R 

34 



6 


VAS03 

1997 04 10.76 

B 1.1 

SC 

6.3 R 

34 



11 


CHA02 

1997 04 10.83 

! V -0.7 

YF 

3.2 A 3 

a 1 

+34 

8 

>7 


MIK 

1997 04 10.85 

B -0.3 

AE 

0.8 E 

1 

20 

8 

20 

15 

SHA02 

1997 04 10.86 

M -0.7 

S 

5.0 B 

7 

15 

S9 

15 


G0N05 

1997 04 10.88 

S -1.0 

AE 

5.0 B 

8 

40 

8 

12 

30 

BEA 

1997 04 10.89 

a S —0.5 

AA 

5.0 B 

10 

17 

8 

11 

35 

MOE 

1997 04 11.05 

fa B -0.6 

Y 

0.0 E 

1 


8 

£7 


GRE 

1997 04 11.21 

a S -0.3 

AA 

0.0 E 

1 

20 

9 

10 

345 

SPR 

1997 04 11.57 

B 1.1 

SC 

6.3 R 

34 



8 


CHA02 

1997 04 11.75 

B 1.1 

SC 

6.3 R 

34 



7 


GEN 

1997 04 11.76 

B 1.1 

SC 

6.3 R 

34 



5 


ILI 

1997 04 11.76 

B 1.1 

SC 

6.3 R 

34 



6 


GEN01 

1997 04 11.79 

B 1.1 

SC 

6.3 R 

34 



8 


HAN04 

1997 04 11.79 

a 0 -0.5 

SP 

0.0 E 

1 

40 

6/ 

32 

3 

ZNO 

1997 04 11.82 

a M -0.3 

S 

0.0 E 

1 

25 

8 

19 


K0NO6 

1997 04 11.84 

a B -0.7 

Y 

10 B 

25 

20 

7 

8 

20 

HYN 

1997 04 11.84 

s M 0.0 

SC 

0.0 E 

1 

8 

8/ 

10 

10 

GLI 

1997 04 11.85 

a B -0.3 

AT 

3.5 R 

1 





PER01 

1997 04 11.85 

a B -0.7 

AT 

3.5 R 

1 





VIT01 

1997 04 11.85 

a G -0.2 

AA 

0.6 E 

1 


S8/ 



KAM01 

1997 04 11.85 

“a G -0.7 

AT 

0.0 E 

1 





PER01 

1997 04 11.85 

a G -0.7 

AT 

0.0 E 

1 





VIT01 

1997 04 11.85 

a I -0.8 

AT 

0.0 E 

1 



14 

30 

PER01 

1997 04 11.85 

a I -0.9 

AT 

0.0 E 

1 





VIT01 

1997 04 11.85 

a S -0.4 

AA 

5.0 B 

10 

16 

8 

10 

35 

MOE 

1997 04 11.86 

! B -0.4 

AE 

0.7 E 

1 

20 

8 

17 

29 

SHA02 

1997 04 11.88 

S -0.8 

AE 

5.0 B 

8 

30 

8 

6 

30 

BEA 

1997 04 12.03 

fs B -0.4: 

Y 

0.0 E 

1 


8 

£5 


GRE 

1997 04 12.19 

a S -0.2 

AA 

0.0 E 

1 

20 

9 

6 

345 

SPR 

1997 04 12.42 

s S -0.7 

YG 

0.0 E 

1 

£15 

8/ 

2 

0 

NAN02 

1997 04 12.78 

a B -0.5 

AT 

0.0 E 

1 



8 


MIL02 

1997 04 12.78 

a I -0.8 

AA 

0.0 E 

1 

38 

S7 

>14 


BAR06 

1997 04 12.84 

a M -0.3 

S 

0.0 E 

1 

25 

8 

19 


KON06 

1997 04 12.84 

a S -0.2 

AA 

5.0 B 

10 

16 

8 

11 

335 

MOE 

1997 04 13.77 

a B -0.6: 

AT 

0.0 E 

1 



4 


MIL02 

1997 04 13.78 

a I -0.8 

AA 

0.0 E 

1 

38 

S7 

>14 


BAR06 

1997 04 13.79 

a M -0.8 

AA 

4.0 R 

8 

20 

S7 

>13 


BAR06 

1997 04 13.79 

a 0 -0.3 

SP 

0.0 E 

1 

40 

7 

21 

0 

ZNO 

1997 04 13.80 

a 0 -0.6 

S 

0.0 E 

1 

30 


8 


LIB 

1997 04 13.83 

s M -0.2 

SC 

0.0 E 

1 

10 

8 

11 

15 

GLI 

1997 04 13.84 

a G -0.2 

AA 

0.6 E 

1 


S8/ 



KAM01 

1997 04 13.85 

B 0.6 

SC 

0.7 E 

1 

15 

7 

4 

28 

SHA02 

1997 04 14.79 

a B -0.6 

AT 

0.0 E 

1 



2 


MIL02 

1997 04 14.83 

a S -0.1 

AA 

5.0 B 

10 

16 

8 

8 

340 

MOE 

1997 04 14.85 

! B -0.7 

AE 

0.8 E 

1 

20 

8 

10 

18 

SHA02 

1997 04 14.85 

a B -0.4 

AT 

3.5 R 

1 





VIT01 

1997 04 14.85 

a B -0.6 

AT 

3.5 R 

1 





PER01 

1997 04 14.85 

a G -0.5 

AT 

0.0 E 

1 





VIT01 

1997 04 14.85 

a G -0.6 

AT 

0.0 E 

1 





PER01 

1997 04 14.85 

a I -0.6 

AT 

0.0 E 

1 



>8 

30 

PER01 

1997 04 14.85 

a I -0.7 

AT 

0.0 E 

1 





' VIT01 

1997 04 14.88 

M -0.3 

S 

5.0 B 

7 

15 

S9 

13 


G0N05 

1997 04 15.04 

fa B —0 . 5 

Y 

0.0 E 

1 


8 

£6 


GRE 

1997 04 15.06 

a G -0.3 

SC 

0.0 E 

1 

15 

9 

4 

20 

CRE01 
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DATE (DT) 

1997 04 15.82 
1997 04 15.84 
1997 04 15.84 
1997 04 15.84 
1997 04 15.85 
1997 04 15.85 
1997 04 16.04 
1997 04 16.43 
1997 04 16.78 
1997 04 16.78 
1997 04 16.83 
1997 04 16.84 
1997 04 16.85 
1997 04 16.85 
1997 04 16.85 
1997 04 16.85 
1997 04 16.87 
1997 04 17.02 
1997 04 17.45 
1997 04 17.80 
1997 04 17.83 
1997 04 17.85 
1997 04 17.85 
1997 04 17.86 
1997 04 17.87 
1997 04 17.87 
1997 04 17.87 
1997 04 17.87 
1997 04 17.91 
1997 04 18.80 
1997 04 18.84 
1997 04 18.85 
1997 04 19.06 
1997 04 19.79 
1997 04 19.79 
1997 04 19.85 
1997 04 19.86 
1997 04 19.89 
1997 04 20.05 
1997 04 20.82 
1997 04 20.82 
1997 04 20.83 
1997 04 20.85 
1997 04 20.85 
1997 04 20.85 
1997 04 20.85 
1997 04 20.85 
1997 04 20.86 
1997 04 20.87 
1997 04 20.87 
1997 04 20.87 
1997 04 20.87 
1997 04 21.78 
1997 04 21.78 
1997 04 21.82 
1997 04 21.85 
1997 04 21.90 
1997 04 22.86 
1997 04 22.87 
1997 04 23.02 
1997 04 23.44 
1997 04 23.78 
1997 04 23.78 
1997 04 23.81 
1997 04 23.81 


N MM MAG. 

! V -0.4 
a M 0.3 
a M -0.6: 
a S -0.2 
! B -0.4 
a M -0.2 
fa B -0.6 
s M 0.2 
a B -0.6 
.5 

a G -0.6 
a S -0.2 
a B -0.5 
a G -0.4 
a I -0.1 
a M 0.1: 
0.0 

fs B -0.5 
s S 0.2 
a B -0.2 
w M 0.4 
a G 0.0 
a S -0.1 
a G -0.1 
a B 0.4 
a B -0.3 
a I -0.3 
w B 0.5 
! B 0.2 
! V -0.3 
s M -0.1 
a S -0.1 
a G -0.1 
a B -0.4 
a M -0.3 
a M -0.5 
a S -0.1 
S -0.3 
a G -0.1 
a G -0.3 
w B 0.1 
a B -0.3 
B 0.0 
a B 0.0 
a G 0.0 
a I 0.1 
a S 0.0 
a G 0.1 
! B 1.0 
a B 0.2 
a B 0.9 
a I 0.3 
a B -0.3 
a M -0.2 
w B 0.1 
a G 0.1 
S -0.1 
a S -0.1 
! B 0.7 
fs B -0.3 
a S 0.3 
a B -0.2 
a M -0.0 
a B -0.2 
a B -0.4 


* A ^ .H. 

SC 0 . 0 E 

AA 4.0 R 

AA 5.0 B 

AE 0 . 8 E 

S 0.0 E 

Y 0.0 E 

YG 5.6 B 
AA 0.0 E 

AA 4.0 R 

AA 0.8 E 

AA 5.0 B 

AT 3.5 R 

AT 0.0 E 

AT 0.0 E 

SC 0.0 E 
AT 3.4 B 

Y 0.0 E 

YG 5.6 B 
AT 0.0 E 
SC 0.0 E 
AA 0.6 E 
AA 5.0 B 
AT 0.0 E 
AT 3.4 B 
AT 3.5 R 
AT 0.0 E 
SC 5.0 B 
AA 0 . 8 E 
YF 3.2 A 
SC 0.0 E 
AA 5.0 B 
SC 0 . 0 E 
AA 0.0 E 
AA 4.0 R 
AA 0 . 0 E 
AA 5.0 B 
AA 8.0 B 
SC 0.7 E 
AA 0.0 E 
SC 0.0 E 
Y 10 B 
SC 0 . 0 E 
AT 3.5 R 
AT 0.0 E 
AT 0.0 E 
AA 5.0 B 
AT 0.0 E 
AA 0.7 E 
AT 3.4 B 
AT 3.4 B 
AT 0.0 E 

AA 0.0 E 

AA 4.0 R 

SC 0.0 E 

AA 0.6 E 

AA 8.0 B 

AA 5 . 0 B 

SC 0.7 E 

Y 0.0 E 

YG 0.0 E 

AA 0.0 E 

AA 4.0 R 

Y 10 B 

AA 0.0 E 


COMA 
+34 
1 10 
8 18 
10 15 

1 15 

1 25 

1 

8 412 

1 35 

8 19 
1 

10 15 

1 
1 
1 

1 10 

9 410 
1 

8 412 
1 

1 10 
1 

10 15 
1 

9 414 
1 

1 

10 

1 23 

3 a 1 +34 

1 10 
10 13 

1 15 

1 36 

8 21 
1 10 

10 13 

11 25 

1 12 
1 32 

1 8 

25 35 

1 
1 
1 
1 

10 13 
1 

1 18 
9 4 6 
9 410 

1 

1 32 

8 20 
1 8 
1 

11 25 

10 12 
1 15 

1 

1 410 

1 30 

8 20 
25 18 

1 12 


a M -0 


a B 


RF AP. IF/ PWR 
3 a 1 
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DC 

8 

8 

S7 

8 

8 

8 

8 

8 / 

S7 

S7 

8 


7/ 

7/ 

8 

8 / 

8 

S8 

8 

7/ 


8 

8 

8 

8 

9 

56 

57 

7 

8 

7 
9 
6 

8 / 

8 


8 

8 

7/ 


6 

S7 

9 

S7/ 

8 

8 

7 
71 

8 / 

6 

S7 

8 
7 


TAIL 

PA 

OBS. 

>7 


MIK 



GLI 



BAR06 

8 

340 

MOE 

14 

9 

SHA02 

14 


K0N06 

&4 


GRE 

2 

5 

NAN02 


BAR06 

BAR06 


13 

350 

HAS02 

MOE 

>7.5 

28 

PER01 

PER01 

PER01 

44 


GLI 

PER01 

GRE 

2 

10 

NAN02 

>3 


MIL02 

5 

30 

GLI 

11 

350 

KAM01 

MOE 

>7 

25 

PER01 

PER01 

PER01 

PER01 

13 

27 

GLI 

SHA02 

>7 


MIK 

5 

30 

GLI 

10 

350 

MOE 

8 

30 

CRE01 

5 

26 

BAR06 

BAR06 

CHE03 

8 

350 

MOE 

>4 

40 

DES01 

6 

35 

CRE01 

48 

35 

BAR06 

GLI 

3 

45 

HYN 

>7.5 

40 

GLI 

PER01 

PER01 

PER01 

8 

0 

MOE 

7 

33 

vrroi 

SEA02 


PER01 

VIT01 

VIT01 

BAR06 

BAR06 


>8 

35 

GLI 

KAM01 

>4 

40 

DES01 

7 

10 

MOE 

2 

&2 

2 

42 

SHA02 

GRE 

NAR02 

BAR06 

BAR06 

2 

45 

HYN 

4 

28 

CEE03 
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Comet C/1995 01 (Hale-Bopp) 

[cont 

.] 



DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

1997 

04 

23.83 

a B 

0.1 

SC 

0.0 

E 


1 

1997 

04 

23.83 

a 0 

-0.1 

S 

0.0 

E 


1 

1997 

04 

23.85 

! B 

1.0 

SC 

0.7 

E 


1 

1997 

04 

23.86 

M 

-0.2 

S 

5.0 

B 


7 

1997 

04 

24.19 

a S 

-0.1 

AA 

0.0 

E 


1 

1997 

04 

24.78 

a B 

-0.2 

AA 

0.0 

E 


1 

1997 

04 

24.81 

! V 

-0.1 

YF 

3.2 

A 

3 

a 1 

1997 

04 

24.81 

a 0 

0.1 

S 

0.0 

E 


1 

1997 

04 

25.44 

a S 

0.3 

YG 

0.0 

E 


1 

1997 

04 

25.83 

$ B 

0.0 

AA 

0.0 

E 


1 

1997 

04 

25.86 

a B 

0.5 

AT 

3.5 

R 


1 

1997 

04 

25.86 

a G 

0.2 

AT 

0.0 

E 


1 

1997 

04 

25.86 

a G 

0.5 

AT 

0.0 

E 


1 

1997 

04 

25.86 

a I 

0.3 

AT 

0.0 

E 


i 

1997 

04 

25.86 

a M 

1.1 

AT 

3.4 

B 


9 

1997 

04 

25.87 

a B 

0.5: 

AT 

3.4 

B 


9 

1997 

04 

25.87 

a I 

0.2 

AA 

0.8 

E 


1 

1997 

04 

25.87 

a I 

-0.2 

AT 

0.0 

E 


1 

1997 

04 

26.46 

s S 

0.1 

YG 

0.0 

E 


1 

1997 

04 

26.78 

a B 

-0.1 

AA 

0.0 

E 


1 

1997 

04 

26.87 

a S 

0.1 

AA 

5.0 

B 


10 

1997 

04 

26.89 


0.2 

AA 

0.0 

E 


1 

1997 

04 

26.91 


0.0 

AA 

0.0 

E 


1 

1997 

04 

27.04 

fa B 

-0.3 

Y 

0.0 

E 


1 

1997 

04 

27.21 

a S 

-0.0 

AA 

0.0 

E 


1 

1997 

04 

27.78 

a B 

-0.1 

AA 

0.0 

E 


1 

1997 

04 

27.79 

a B 

0.0 

SC 

0.0 

E 


1 

1997 

04 

27.84 

$ B 

0.3 

AA 

0.0 

E 


1 

1997 

04 

27.85 

a B 

0.1 

SC 

0.0 

E 


1 

1997 

04 

27.90 


0.2 

AA 

0.0 

E 


1 

1997 

04 

27.91 


0.0 

AA 

0.0 

E 


1 

1997 

04 

28.79 

~a B 

0.0 

SC 

0.0 

E 


1 

1997 

04 

28.79 

a B 

0.2: 

AA 

0.0 

E 


1 

1997 

04 

28.86 

a G 

0.4 

AT 

0.0 

E 


1 

1997 

04 

28.86 

a I 

0.3 

AT 

0.0 

E 


1 

1997 

04 

28.87 

a I 

0.2 

AT 

0.0 

E 


1 

1997 

04 

28.88 

a G 

0.4 

AT 

0.0 

E 


1 

1997 

04 

28.91 


0.1 

AA 

0.0 

E 


1 

1997 

04 

29.85 

B 

0.1 

S 

0.0 

E 


i 

1997 

04 

29.87 

a G 

0.2 

AT 

0.0 

E 


1 

1997 

04 

29.87 

a G 

0.2 

AT 

0.0 

E 


l 

1997 

04 

29.87 

a M 

0.6 

AT 

3.4 

B 


9 

1997 

04 

29.88 

a B 

0.8 

AT 

3.4 

B 


9 

1997 

04 

29.88 

a I 

0.1 

AT 

0.0 

E 


1 

1997 

04 

29.88 

a I 

-0.2 

AT 

0.0 

E 


1 

1997 

04 

29.88 

a M 

0.8 

AT 

3.4 

B 


9 

1997 

04 

29.89 


0.3 

AA 

0.0 

E 


1 

1997 

04 

30.04 

fa B 

-0.1 

Y 

0.0 

E 


1 

1997 

04 

30.87 

M 

0.1 

S 

5.0 

B 


7 

Comet C/1995 Q1 (Bradfield) 





DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T F / 

PWR 

1995 

10 

06.83 

B 

8.9 

S 

20.0 

C 

9 

60 

1995 

11 

03.81 

B 

8.9 

S 

20.0 

C 

9 

60 

Comet C/1995 Yi (Hyakutake) 





DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

1996 

02 

22.84 

B 

8.5 

S 

20.0 

C 

9 

60 

1996 

02 

28.85 

B 

9.0 

S 

25 

H 

3 

45 
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COMA 

DC 

TAIL 

PA 

OBS. 

10 

8/ 

>5 

35 

GLI 

25 


5 


LIB 

20 

7 

3.5 

41 

SHA02 

10 

S9 

4 


G0NO5 

18 

9 

7 

340 

SPR 

35 

6 



BAR06 

+30 

8 

>5 


MIK 

25 


5 


LIB 

&10 

8/ 

3 


NAN02 

12 

7 

7 

40 

CHE03 





VIT01 





PER01 





VIT01 





VIT01 

fell 

7/ 



PER01 





VIT01 

10 

8 

7 

30 

MOE 



13 

40 

PER01 

&10 

8/ 

10 

25 

NAN02 

35 

6 



BAR06 

14 

8 

11 

35 

MOE 

20 

6/ 

>4 

40 

DES01 

20 

9 

5 

40 

LOU 


7/ 

A3. 5 


GRE 

14 

9 

5 

345 

SPR 

35 

6 



BAR06 


9 



RAD01 

10 

7 

5 

40 

CHE03 

8 

9 

>6 


GLI 

20 

7 

>4 

40 

DES01 

20 

9 

>5 

40 

LOU 


9 



RAD01 

30 

6 



BAR06 





PER01 



12 


VIT01 



12 

40 

PER01 





VIT01 

25 

7/ 

>4 

40 

DES01 


7/ 

14 

9 

MAR02 





PER01 





VIT01 

til 

7 



PER01 





VIT01 



12 

50 

PER01 





VIT01 





VIT01 

25 

7/ 

>4 

40 

DES01 


7 

A3. 5 


GRE 

10 

S9 

15 


GON05 


COMA 

DC 

TAIL PA OBS . 


3 

NAG04 

2.3 

1 

NAG04 


COMA 

DC 

TAIL PA - OBS. 

1.9 

3 

NAG04 

1.5 

3 

NAG04 



April 1997 
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Comet C/1996 B1 (Szczepanski) 










DATE (UT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1996 02 

28.79 

B 

8.5 

S 

25 

H 

3 

45 

3.5 

2 



NAG04 

1996 03 

13.65 

B 

9.1 

AA 

16 

H 

3 

28 

4.6 

1 



NAG04 

Comet C/1996 B2 (Hyakutake) 










DATE (UT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TA1„ 

PA 

OBS. 

1996 02 

22.81 

B 

8.1 

S 

20.0 

C 

9 

60 

3.5 

7 



NAG04 

1996 02 

28.83 

B 

7.3 

S 

25 

H 

3 

45 

4.7 

7 

20 

m 275 

NAG04 

1996 02 

29.11 

S 

6.3 

AA 

8.0 

B 


12 


5 



B0N01 

1996 03 

04.83 

B 

6.2 

AA 

10.0 

R 

4 

20 

3.0 

7 



NAG04 

1996 03 

13.67 

B 

4.6 

AA 

10.0 

R 

4 

20 

11.3 

7 

1.1 

280 

NAG04 

1996 03 

20.15 

M 

2.3 

AA 

0.8 

E 


1 





GUB 

1996 03 

23.63 

B 

-0.1 

AA 

0.7 

E 


1 

58 

7 

16.5 

225 

NAG04 

1996 03 

23.94 

M 

0.2 

AA 

0.8 

E 


1 



28 

220 

GUB 

1996 03 

25.87 

M 

0.0 

AA 

0.8 

E 


1 





GUB 

1996 03 

25.94 

G 

-0.5: 

SP 

0.7 

E 


1 

45 

8 

4 


HEN 

1996 03 

26.04 

M 

-0.2 

AA 

0.8 

E 


1 

70 

1 

50 

205 

GUB 

1996 03 

26.80 




7.0 

B 


10 

27 

8 

15 

170 

NAG04 

1996 03 

26.80 

S 

0.0 

Y 

0.7 

E 


1 





NAG04 

1996 03 

27.82 




7.0 

B 


10 

22 

8 

6 

60 

NAG04 

1996 03 

27.82 

B 

0.8 

Y 

3.5 

R 


7 





NAG04 

1996 03 

27.83 

G 

-0.5: 

SP 

0.7 

E 


1 


8 

4 


HEN 

1996 03 

28.14 

M 

0.4 

AA 

0.8 

E 


1 



27 

290 

GUB 

1996 03 

29.08 

G 

-0.3: 

SP 

0.7 

E 


1 

30 

7 



HEN 

1996 03 

29.81 

G 

0.0: 

SP 

0.7 

E 


1 


6 

5 


HEN 

1996 03 

30.83 

G 

0.5 

SP 

0.7 

E 


1 


8 



HEN 

1996 03 

30.84 

M 

2.0 

AA 

0.8 

E 


1 





GUB 

1996 04 

01.88 

G 

1.9 

SP 

0.7 

E 


1 


6 

4 


HEN 

1996 04 

02.87 

G 

1.9 

SP 

0.7 

E 


1 


8 



HEN 

1996 04 

03.96 

G 

2.5 

SP 

0.7 

E 


1 


7 

5 


HEN 

1996 04 

04.83 

G 

2.1 

SP 

0.7 

E 


1 


7 



HEN 

1996 04 

05.46 

B 

2.1 

Y 

7.0 

B 


10 



4.5 

55 

NAG04 

1996 04 

05.88 

~ G 

2.3 

SP 

0.7 

E 


1 


7 

7 


HEN 

1996 04 

12.45 

B 

3.0 

Y 

7.0 

B 


10 


8 

6 

45 

NAG04 

1996 04 

13.47 

B 

3.0 

Y 

7.0 

B 


10 



5.5 

40 

NAG04 

1996 04 

13.87 

S 

3.5: 

SP 

3.5 

B 


9 


8 

2 


HEN 

1996 04 

17.88 

G 

2.3 

SP 

0.7 

E 


1 


7 

7 


HEN 

1996 04 

23.87 

G 

2.0: 

SP 

3.5 

B 


9 


6 

4 


HEN 

1996 06 

18.15 

S 

5.7 

s 

11 

L 

8 

72 


7 

0.3 


C0002 

1996 07 

16.16 

S 

7.6 

s 

11 

L 

8 

72 


5 



C0002 

1996 07 

17.14 

M 

7.5 

s 

15 

L 

9 

80 

4.9 

5 



SMI08 

1996 07 

19.14 

S 

8.0 

s 

15 

L 

9 

80 

4.7 

5 



SMI08 

1996 08 

06.20 

S[10 : 

s 

20 

L 

8 

83 





C0002 

1996 08 

13.20 

S[10 : 

s 

20 

L 

8 

83 





C0002 

Comet C/1996 N1 (Brevingtoa) 










DATE (UT) 

N MM MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1996 07 

16.76 

S 

9.0 

S 

15 

L 

9 

50 

4.8 

2 



SMI08 

1996 08 

13.74 

S 

8.1 

S 

15 

L 

9 

80 

4.0 

3 



SMI08 

1996 08 

18.91 

B 

7.2 

YF 

5.0 

B 


15 

8 

D3 



FAJ 

1996 08 

19.90 

B 

7.4 

YF 

5.0 

B 


15 

7 

D4 



FAJ 

1996 08 

20.91 

B 

7.8 

YF 

5.0 

B 


15 

6 

D4 



FAJ 

1996 08 

21.91 

B 

8.0 

YF 

5.0 

B 


15 

9 

D2 



FAJ 

1996 08 

24.90 

B 

8.2 

YF 

5.0 

B 


15 

4 

DO/ 



FAJ 

Comet C/1996 P2 

! (Russell-Watsozi) 









DATE (UT) 

N MM MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 02 

09.44 

a C 

16.7 

GA 

60.0 

Y 

6 


0.65 



305 

NAK01 

Comet C/1996 Q1 

(Tabur) 











DATE (UT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1996 09 

04.08 

S 

8.7: 

AC 

5.0 

B 


10 

t 4 

3 



EES 
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Comet C/1996 qi (Tabur) [cont] . 


DATE 

(UT) 

N MM MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1996 

09 

05.08 


s 

8.6 

AC 

5.0 

B 


10 

3.1 

1 



RES 

1996 

09 

09.05 


s 

7.7 

AA 

8.0 

B 


15 

11 

4 



HAV 

1996 

09 

09.08 


s 

8.2 

S 

5.0 

B 


10 

8.6 

0/ 



RES 

1996 

09 

12.08 


B 

7.0: 

S 

10 

M 

10 

56 

3 

2 



MAR12 

1996 

09 

12.12 

ft 

S 

8.2 

S 

11 

L 

7 

32 

ft 3.5 

d3 



CH001 

1996 

09 

14.09 


S 

7.9 

S 

15 

L 

9 

80 

6 

4 



SMI08 

1996 

09 

14.12 

$ 

S 

7.7 

S 

6.6 

B 


20 

6 

s4 



PLE01 

1996 

09 

14.97 


S 

7.4 

S 

20 

L 

8 

83 


4 



C0002 

1996 

09 

15.05 


B 

7.5: 

S 

8.0 

B 


20 

6.6 

s4 



SPE01 

1996 

09 

15.08 


S 

6.9 

AA 

8.0 

B 


15 

10 

5 

0.4 

275 

HAV 

1996 

09 

15.11 


s 

7.3: 

S 

5.0 

B 


10 

ft 7 

01 



RES 

1996 

09 

15.72 


s 

8.2 

S 

20.0 

C 

9 

45 

3.75 

3 



NAG04 

1996 

09 

15.94 


B 

7.0 

s 

15.0 

L 

6 

30 

9.5 

s2/ 



PI001 

1996 

09 

16.04 


S 

6.6 

s 

5.0 

B 


10 

5.8 

1 



RES 

1996 

09 

16.08 


S 

6.3 

s 

0.0 

E 


1 

ft 7 

0/ 



RES 

1996 

09 

17.09 


S 

7.5 

s 

20 

L 

8 

83 

4 

3 



C0002 

1996 

09 

17.12 

$ 

B 

7.4 

s 

6.6 

B 


20 

6 

s4 



PLE01 

1996 

09 

18.06 


S 

6.7 

s 

5.0 

B 


10 

4 

0/ 



RES 

1996 

09 

18.10 

ft 

S 

8.0 

s 

11 

L 

7 

32 

ft 3.5 

<13 



CH001 

1996 

09 

19.09 


I 

7.5: 

s 

5 

R 

6 

20 

ft 6 

2 



WLO 

1996 

09 

19.10 

i 

B 

7.0 

s 

5.0 

B 


7 

7 

s4/ 



PLE01 

1996 

09 

19.98 


B 

7.5: 

s 

7.0 

B 


25 

ft 2 

si 



SOC 

1996 

09 

21.03 


B 

7.7: 

s 

6.6 

B 


20 

ft 7 

4 



FIL04 

1996 

09 

21.07 


M 

6.9 

s 

8 

R 

7 

35 

8 

5 



KWI 

1996 

09 

21.09 


B 

7.2 

s 

5 

R 

6 

20 

ft 8 

2 



WLO 

1996 

09 

22.04 


S 

6.6 

s 

5.0 

B 


10 

8.1 

0/ 



RES 

1996 

09 

22.05 


B 

7.0 

s 

5.0 

B 


10 

4 

2 



MAR12 

1996 

09 

22.06 


B 

7.0 

s 

6.4 

R 

6 

20 

ft 8 

d4 



CNO 

1996 

09 

22.08 


S 

7.0 

s 

5.0 

B 


10 

ft 9 

1 



OLE 

1996 

09 

23.00 


B 

6.5 

s 

6.4 

R 

6 

20 

ft 8 

d4 



CNO 

1996 

09 

23.02 


S 

6.5 

s 

7.0 

B 


25 

413 

2/ 



OLE 

1996 

09 

23.04 


S 

6.5 

s 

5.0 

B 


10 

11 

If 



RES 

1996 

09 

23.11 

! 

B 

6.1 

s 

5.0 

B 


7 

7 

s4/ 



PLE01 

1996 

09 

24.00 


S 

6.4 

s 

5.0 

B 


10 

ftlO 

3 



OLE 

1996 

09 

27.08 


S 

6.2 

s 

5.0 

B 


10 

6 

1 



RES 

1996 

09 

27.11 


B 

6.0 

s 

5.0 

B 


15 

15 

S3 

0.2 

210 

FAJ 

1996 

09 

27.13 


B 

6.8 

s 

8.0 

B 


20 

8.3 

s5 



SPE01 

1996 

09 

29.08 


S 

5.7 

s 

5.0 

B 


10 

ft 7 

2 



RES 

1996 

09 

29.09 


I 

6.0: 

s 

4.0 

B 


12 

ftlO 

3/ 



WLO 

1996 

09 

30.13 

a 

B 

5.5 

s 

5.0 

B 


7 

10 

s5 



PLE01 

1996 

10 

01.06 


B 

5.5 

s 

5.0 

B 


10 

7 

3 



MAR12 

1996 

10 

01.07 


M 

5.7 

s 

8 

R 

7 

35 

8 

5 



KWI 

1996 

10 

01.10 


I 

6.0: 

s 

4.0 

B 


12 

ftlO 

3/ 



WLO 

1996 

10 

01.94 


B 

6.7: 

s 

6.5 

R 

6 

28 

ft 3 

1 



SWI 

1996 

10 

02.09 


B 

5.4 

s 

5.0 

B 


10 

11 

3 



SIW01 

1996 

10 

02.10 


I 

5.5: 

s 

4.0 

B 


12 

ftlO 

4 



WLO 

1996 

10 

02.13 


B 

5.5 

s 

5.0 

B 


10 

8 

3 



MAR12 

1996 

10 

02.17 


I 

7.5: 

s 

4.0 

B 


12 

ft 5 

6 



WLO 

1996 

10 

02.94 


B 

4.9 

s 

5.0 

B 


15 

25 

S2 

0.4 

80 

FAJ 

1996 

10 

03.94 


S 

5.9 

s 

5.0 

B 


10 

ftl3 

6/ 



OLE 

1996 

10 

03.96 


B 

6.1 

s 

5.0 

B 


7 

ft 9 

5 



BAN 

1996 

10 

04.05 


B 

5.9 

s 

5.0 

B 


7 

ftlO 

d4 



CNO 

1996 

10 

04.06 

« 

S 

5.5 

s 

11 

L 

7 

32 





CH001 

1996 

10 

04.10 


B 

6.2 

s 

8.0 

B 


20 

11 

S5 



SPE01 

1996 

10 

04.11 


B 

5.5 

s 

5.0 

B 


10 

9 

3 



MAR12 

1996 

10 

04.12 


B 

5.2 

s 

4.0 

B 


12 

ft 12 

5 



WLO 

1996 

10 

04.13 

& 

M 

6.0 

s 

5.0 

B 


10 

25 

2/ 



GR004 

1996 

10 

04.86 


M 

5.4 

s 

5.0 

B 


7 

10 

d4 



PAR03 

1996 

10 

04.93 


S 

5.9 

s 

5.0 

B 


10 

ft22 

5/ 



OLE 

1996 

10 

04.95 

i 

B 

6.3 

s 

6.8 

R 

12 

40 

15 

d4 



CHR 

1996 

10 

04.98 


B 

6.0 

s 

5.0 

B 


7 

ft 9 

5 



BAN 

1996 

10 

05.05 


B 

5.8 

s 

5.0 

B 


10 

9 

4 



MAR12 

1996 

10 

05.10 


B 

5.1 

s 

4.0 

B 


12 

ftl5 

5 



WLO 

1996 

10 

05.13 


S 

6.2 

YF 

5.0 

B 


10 

12 




ENT 

1996 

10 

05.15 


B 

5.8 

s 

5.0 

B 


7 

ftlO 

d4 



CNO 



April 1997 
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DATE 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
1996 
.996 
996 


Comet C/1996 Q 1 (TabTir) [coat] 


CUT) 

10 06.75 
10 06.92 
10 07.89 
10 07.91 
10 08.11 
10 08.12 
10 08.20 
10 08.96 
10 08.99 
10 09.08 
10 09.13 
10 10.00 
10 10.13 
10 10.15 
10 10.75 
10 10.75 
10 10.76 
10 10.76 
10 10.82 
10 10.94 
10 10.98 
10 11.13 
10 11.74 
10 11.75 
10 11.75 


N MM 
S 


S 

B 

4 B 


11.78 
10 11.83 
10 11.92 
10 11.92 
10 11.94 
10 12.00 
10 12.10 
10 12.10 
10 12.13 
10 12.13 
10 12.13 
10 12.73 
10 12.73 
10 12.75 
10 12.76 
10 12.77 
10 12.77 
10 12.79 
10 12.96 
10 13.00 
10 13.09 
10 13.10 
10 13.12 
10 13.13 
10 13.21 
10 13.70 
10 13.73 
10 13.73 
10 13.75 
10 13.75 
10 13.75 
10 13.76 J 
10 13.78 
10 13.89 i 
10 13.98 
10 14.00 
10 14.09 
10 14.11 
10 14.13 
10 14.13 


MAG. 
5.3: 
5.0 
6.5: 
5.3 
5.9 
5.2: 
5.2 
6.6 

5.6 
6.4: 

6.4 

5.5 

5.8 

5.7 

5.6 

4.7 

6.1 

4.9 
5.3 
7.0 
5.9: 
6.4: 

6.5 

5.6 

4.9 
5.8: 
5.3 

6.5 

6.6 
6 . 1 : 

6.9 

6.7 
6.3: 

5.3 

5.8 

6.4 
5.7 

5.9 

6.5 

6.6 

6.5 

5.2 

6.3 

5.7 

6.7 
6.3: 

6.7 
6.5 
5.4: 

5.9 
6.4: 

6.5 
6.0 
6.4 
5.7 
6 

6.6 

6.4 

7.5 
5.9 

5.4 
6.4: 

5.9: 

5.5 
6.3 


RF 

S 

S 


B 
I 
M 
B 
S 
B 
B 
S 
M 
S 
B 
S 
B 
S 
B 
S 
S 
B 
B 
B 
S 

4 0 

4 B 
B 

! B 
S 

4 S 
__ B 

S 
B 
B 
B 
B 
M 
B 
fi 
B 

5 

4 0 
M 
B 

5 
B 
B 
I 
M 
B 
B 
M 
B 
S 
S 
0 
B 

5 
B 
S 
B 
B 
B 
B 


S 
S 
S 
S 
S 
S 
S 

NP 
S 
S 

s 
s 
s 
s 

AA 

S 

S 

S 

S 

S 

s 

s 

s 

s 

NP 

S 

s 

AA 

S 

S 

S 

S 

AA 
S 
S 
S 
S 


s 

s 

s 

: S 
S 
S 

AA 

S 

S 

AA 

S 

YF 

S 

S 

S 

S 


AP. 
5.0 
5.0 
5.0 
5.0 

5.0 

4.0 
8 

7.0 
0.0 

5.0 
5.0 
0.0 
5.0 
5.0 

5.0 

0.0 

6.0 

5.0 

10.0 
11 
5.0 
5.0 

5.0 

6.0 
5.0 
5 

5.0 
6.6 
6.8 
5.0 
11 

5.0 

8.0 

4.0 

6.0 

5.0 

6.0 
5.0 
5.0 

5.0 

8.0 
5.0 
9 
8 

5.0 

8.0 

5.0 

5.0 

4.0 
8 

8.0 
5.0 
5.0 


T 
B 
B 
B 
B 
B 
B 
R 
B 
E 
B 
B 
E 
B 
B 
B 
E 
B 
B 
B 

L ' 
B 
B 
6 
B 
B 

R 6 
B 
B 
R 
B 

L 7 
B 

R 10 


F/ 


12 


B 
B 
B 
B 
B 
B 
B 
B 
B 
I 
R 
B 

R 10 
B 
B 
B 

R 7 
R 10 


10 

7 


3 AA 


NP 

AA 

S 

S 

AA 

AA 

S 

S 

S 


5 

5.1 

6.1 

5 

5 . ( 
11 
5.C 
0.0 
8.0 
6.0 
4.0 


5.0 


B 
B 
3 B 
) B 
) fi 
R 
i B 
L 
B 
E 
R 
B 
B 
B 


10 


PWR 
10 
10 
15 
10 
10 
12 
35 
25 
1 
7 

10 
1 

10 
10 
15 
1 

20 
10 
25 
32 
10 
10 
10 
20 
10 
20 
10 
20 
40 
10 
32 
10 
40 
12 
20 
10 
20 
7 
7 

10 
20 
10 
70 
35 
7 
40 
10 
10 
12 
35 
40 
10 
7 
7 
10 
20 
20 
10 
32 
10 
1 
40 
20 
12 
10 


COMA 
4 8 
410 
18 
12 
10 
412 
11 
4 3 

410 

8 


30 
9 

20 
415 
12 
415 
15 
4 5 
413 

4 6 
9 
5 

415 
3 

12 
8 
14 
414 

4 6 
6.3 
412 
410 
7 

5 

10 
7.2 
12 

11.7 
415 

1.5 
11 
4 7 
6.8 
4 6 
6 

412 

12 

6.5 
4 

10 

7.7 
4 5 
410 

2.5 
410 
4 5 

8 


DC 

5 

3/ 

SI/ 

3/ 

9 

4/ 

5 

s2 

d5 

4 


S2 


TAIL 

0.3 

0.6 


4/ 

S5/ 

d 

4 

3/ 


s2/ 

3/ 

4 

d3 


1.4 


0.50 

0.7 


0.33 

40.07 


PA OBS . 
RES 
RES 
190 FAJ 

SIW01 
MAR 12 
WLO 
290 KWI 
SOC 
IVA03 
CNO 
MAR12 
IVA03 
GR004 
ENT 
115 FAJ 
RES 
KID01 
310 RES 
305 PLE01 
CH001 
OLE 
MARI 2 
DER 

„ SZA05 
310 RES 
JAR01 


40.37 


4 

4 

5 

6 
4 
6 

d4 

S4 

2 

S4 

1 / 

s2 

5 

3 

5/ 

4 
4 

4/ 

6 

5/ 

3 

d4 

S4 

3 
d3 
s2/ 

dO 

4 


0.25 


40.05 

0.8 


0.8 

0.40 

40.07 


6 . 
4 6 
410 
5 


4/ 

6 

5 

3/ 


0.83 


SIW01 
325 FIL04 
CHR 
OLE 
CH001 
MAT06 
GER01 
WLO 
320 SCI 
MAR12 
SZA05 
PAR03 
SPE01 
DER 
SPEOl 
RES 
JAR01 
320 KWI 
BAN 
GER01 
MAT06 
MAR12 
WLO 
316 KWI 
GER01 
SWI 
PAR03 
SPEOl 
310 RES 
SIW 
JAR01 
SIW 
CH001 
SIW01 
IVA03 
GER01 
330 SCI 
WLO 
MAR12 
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Comet C/1996 Q1 (Tabur) [cont] . 


DATE 

CUT) 

N MM 

MAG . 

RF 

AP. IF/ 

1996 

10 

14.20 

B 

6.5 

S 

5.0 B 


1996 

10 

14.72 

B 

6.1 

s 

15.0 L 

6 

1996 

10 

14.72 

S 

5.9 

S 

6.0 B 


1996 

10 

14.73 

k M 

5.6 

s 

5.0 B 


1996 

10 

14.75 

B 

5.6: 

s 

5.0 B 


1996 

10 

14.75 

B 

5.8 

s 

6.0 B 


1996 

10 

14.75 

S 

5.4 

s 

5.0 B 


1996 

10 

14.75 

ft 0 

6.6 

NP 

5 R 

6 

1996 

10 

14.76 

ft B 

5.5 

s 

5.0 B 


1996 

10 

14.79 

s 

6.3 

Aft 

6.0 B 


1996 

10 

14.82 

! B 

6.5 

S 

6.8 R 

12 

1996 

10 

14.84 

a B 

5.7 

S 

5.0 B 


1996 

10 

15.11 

B 

6.1 

S 

5.0 B 


1996 

10 

15.13 

B 

5.9 

s 

6.0 B 


1996 

10 

15.13 

B 

6.1 

s 

5.0 B 


1996 

10 

15.14 

B 

5.6 

s 

4.0 B 


1996 

10 

15.20 

B 

6.4 

s 

5.0 B 


1996 

10 

15.73 

B 

6.2 

s 

15.0 L 

6 

1996 

10 

15.74 

B 

6.2 

s 

5.0 B 


1996 

10 

15.74 

k 0 

6.6 

NP 

5 R 

6 

1996 

10 

15.75 

B 

5.8 

s 

6.0 B 


1996 

10 

15.75 

B 

6.7 

s 

7.0 B 


1996 

10 

15.77 

B 

6.1 

s 

6.0 B 


1996 

10 

15.79 

s 

5.7 

YF 

5.0 B 


1996 

10 

15.80 

S 

5.7: 

SC 

5.0 B 


1996 

10 

15.82 

! B 

6.6 

s 

6.8 R 

12 

1996 

10 

15.84 

a B 

5.8 

s 

5.0 B 


1996 

10 

15.85 

ft S 

6.3 

s 

11 L 

7 

1996 

10 

16.00 

B 

6.3 

s 

5.0 B 


1996 

10 

16.09 

B 

6.3: 

ftft 

8.0 R 

10 

1996 

10 

16.11 

B 

6.2: 

s 

6.0 B 


1996 

10 

16.13 

~ B 

6.2 

s 

5.0 B 


1996 

10 

16.15 

I 

5.8: 

s 

4.0 B 


1996 

10 

16.18 

S 

6.0 

YF 

5.0 B 


1996 

10 

16.73 

ft 0 

6.6 

NP 

5 R 

6 

1996 

10 

16.75 

B 

6.0: 

s 

5.0 B 


1996 

10 

16.75 

S 

5.7 

s 

5.0 B 


1996 

10 

16.81 




20.0 C 

9 

1996 

10 

16.81 

B 

6.1 

ftft 

7.0 B 


1996 

10 

16.82 

S 

5.7 

YF 

5.0 B 


1996 

10 

16.83 

ft M 

6.1 

S 

8 R 

7 

1996 

10 

16.84 

B 

6.1 

S 

7.0 B 


1996 

10 

16.84 

a B 

5.8 

S 

5.0 B 


1996 

10 

17.78 

P 

5.5 

SP 

15 R 

5 

1996 

10 

17.83 

a B 

5.9 

s 

5.0 B 


1996 

10 

17.87 

ft B 

6.6 

s 

5.0 B 


1996 

10 

17.90 

! B 

6.9 

s 

6.8 R 

12 

1996 

10 

18.01 

B 

6.1 

s 

7.0 B 


1996 

10 

18.05 

B 

6.1 

s 

5.0 B 


1996 

10 

18.12 

B 

7.0 

s 

5.0 B 


1996 

10 

18.12 

B 

7.2 

s 

6.0 B 


1996 

10 

18.15 

I 

6.0: 

5 

4.0 B 


1996 

10 

18.85 

a B 

6.5 

S 

5.0 B 


1996 

10 

19.76 

S 

5.9 

S 

5.0 B 


1996 

10 

20.71 

ft B 

8.0; 

s 

10 M 

10 

1996 

10 

20.76 

B [ 7.0 

s 

8.0 B 


1996 

10 

20.78 

! B 

7.3 

s 

6.8 R 

12 

1996 

10 

20.80 

a B 

7.2 

s 

6.6 B 


1996 

10 

20.84 

S 

6.5: 

s 

5.0 B 


1996 

10 

23.74 

a B 

8.0 

s 

10.0 B 


1996 

10 

23.83 

s 

8.1 

s 

20.0 C 

9 

1996 

10 

25.72 

B 

8.3 

s 

15.0 L 

6 

1996 

10 

25.72 

$ s 

8.5: 

s 

35 M 

10 

1996 

10 

29.81 

ft S 

8.6 

s 

8 R 

7 

1996 

10 

30.81 

S 

7.6: 

s 

5.0 B 



PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

10 

ft 6 

4 



MAT06 

30 

10.4 

s2/ 



PI001 

20 

15 

s3 



DRA02 

10 

30 

3 



GR004 

15 

10 

S2/ 

0.2 

100 

FAJ 

20 

5 

6 



SZA05 

10 

ft 8 

2/ 



RES 

20 

2.5 

s3/ 



JAR01 

10 

9 




SIW01 

20 

ftlO 




SIW 

40 

12 

D4 



CHR 

7 

15 

S6 

1.0 

320 

PLE01 

10 

16 

3 



DER 

20 

ftlO 

6 

0.50 

350 

SCI 

10 

6 

5 



MAR12 

12 

ft 9 

6 



WLO 

10 

ft 7 

5 



MAT06 

30 

13 

sO 



PI001 

10 

5 

3 



SWI 

20 

3 

s3 



JAR01 

20 

6 

6/ 



SZA05 

25 

ft 3 

S2 



SOC 

20 

7 

2 



KID01 

10 

9 




ENT 

10 

16 

3/ 



MCK 

40 

12 

D4 



CHR 

7 

15 

S6 

1.2 

324 

PLE01 

32 

ftlO 

d3 



CH001 

10 

10 




SIW01 

40 

7.0 

5 



GER01 

20 

ft 5 

5 



SCI 

10 

6 

s5/ 



MAR12 

12 

ft 8 

6/ 



WLO 

10 

10 




ENT 

20 

2.5 

s2/ 



JAR01 

15 

13 

SI 

0.1 


FAJ 

10 

&10 

2 



RES 

45 

5.0 

3 

1.3 

323 

NAG04 

10 





NAG04 

10 

10 




ENT 

35 

12 

6 

1.1 

315 

KWI 

25 

ft 5 

d5 



SOC 

7 

14 

S6 

1.0 

331 

PLE01 


4 

7 

0.08 

345 

HEN 

7 

12 

S6 

0.9 

335 

PLEOi 

10 

8 




SIW01 

40 

10 

d3 



CHR 

25 

ft 6 

D5 



SOC 

10 

9 


ft0.50 


SIW01 

10 

5 

s4 



MAR12 

20 

ft 5 

5 



SCI 

12 

ft 8 

7 



WLO 

7 

11 

S5/ 

0.8 

339 

PLEOI 

10 

10 

2 



RES 

56 

3 

0 



HAR12 

20 

! 3 




SPE01 

40 

10 

d3 



CHR 

20 

10 

S5 



PLEOI 

10 

ft 6 

2/ 



RES 

25 

8 

s4 



PLEOI 

45 

2.9 

1 

1.2 

0 . 

NAG04 

30 

6.1 

sO/ 



PI001 

90 

ft 6 

s3 



PLEOI 

35 

9 

5 



KWI 

10 

ft 6 

1 



RES 
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Comet C/1996 Q1 (Tabux) [cont] . 


DATE 

1996 

1996 

1996 

1996 

1996 


CUT) 

11 01.78 
03.72 
04.74 
04.74 
04.74 


11 
11 
11 

11 

1996 11 04.75 
1996 11 04.76 
1996 11 06.77 
1996 11 08.72 
1996 11 08.73 
1996 11 08.74 
1996 11 09.71 
1996 11 12.74 


N MM MAG. 

S 8.0: 


S 

B 

S 

S 

S 

B 

S 

B 

S 


8.5 
9.8: 

8.7 

8.8 
9.0 
7.8 
9.1: 
9.8: 

_ 8.8 
B[ 8.0 
S 10.7 
S 8.6 


RF 

S 

AA 

S 

S 

S 

AA 

S 

S 

S 

S 

S 

AA 

S 


AP. T 
5.0 B 
7.2 R 

15.0 L 
5.0 B 
8 R 

30 L 
5.0 B 
35 M 
15.0 L 

5.0 B 

8.0 B 
27 L 

5.0 B 


F/ 

7 

6 

7 

3 

10 

6 


Comet C/1997 A1 (NEAT) 
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PWR 

10 

20 

30 

10 

35 

20 

15 

90 

30 

10 

20 

100 

10 


international comet quarterly 


COMA 
l 5 
10 

5.5 
5 

8 

5 
8 

: 5 
3.9 
3 

3.5 

2.5 

6 


DATE CUT) 

1997 01 13.70 
1997 01 18.79 
1997 01 31.65 
1997 02 09.61 
1997 02 27.59 
1997 03 07.48 


N MM MAG. 
C 17.2 


C 

C 

C 

C 

C 


17.2 

16.9 

17.0 

17.7 

17.8 


Comet C/1997 BA6 (Spacevatch) 


RF 

AP. 

T F/ PWR 

COMA 

GA 

60.0 

Y 

6 a240 

0.5 

GA 

60.0 

Y 

6 a240 

0.6 

GA 

60.0 

Y 

6 a240 

0.75 

GA 

60.0 

Y 

6 a240 

0.7 

GA 

60.0 

Y 

6 al20 

0.4 

GA 

60.0 

Y 

6 a240 

0.4 


DATE (UT) 

1997 02 13.70 
1997 03 04.61 


N MM MAG. 
C 19.3 
C 19.5 


RF 

GA 

GA 


Comet C/1997 D1 (Mueller) 


AP. T F/ PWR 
60.0 Y 6 a240 
60 . 0 Y 6 a240 


COMA 


DATE 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 

1997 


CUT) 

02 20.56 

02 22.77 

03 01.76 
03 01.80 
03 04.94 
03 05.20 
03 05.80 
03 06.11 
03 07.78 
03 07.81 
03 07.98 
03 08.13 
03 08.13 
03 08.81 
03 08.95 
03 09.15 
03 09.15 
03 09.27 
03 09.84 
03 09.85 
03 10.81 
03 10.98 
03 11.66 
03 11.81 
03 12.83 
03 12.84 
03 13.00 
03 13.15 
03 18.16 
03 20.20 
03 27.14 
03 28.91 


C 15.1 

: GA 

C 14.7 

GA 

C 14.4 

GA 

S 14.0 

HS 

S 13.3 

AC 

J 12.9 

SC 

S 13.8 

ES 

S 13.7 

ES 

M 13.9 

ES 

S 14.0 

ES 

S 13.4 

AC 

S 13.7 

ES 

S 14.0 

ES 

S 14.3 

ES 

S 13.9 

NP 

S 14.2 

ES 

S 14.6 

ES 

J 13.1 

SC 

V 14.5 

GA 

S 13.2 

GA 

M 13.9 

HS 

S 13.3 

AC 

C 14.5 

GA 

M 13.8 

HS 

M 13.6 

HS 

S 14.0 

HS 

S 13.1 

HS 

J 12.6 

SC 

J 12.1 

SC 

J 12.9 

SC 

J 11.8 

SC 

S 13.6 

NP 


AP. 

60.0 

60.0 

60.0 

35 

25.4 

25.4 

35 

30 

35 

35 

25.4 

44.5 
44.5 

44.0 
44.5 
44.5 
44.5 
25.4 

36.0 
25.4 
35 

25.4 

60.0 
35 
35 
35 
30 

25.4 

25.4 

25.4 

25.4 

44.5 


F/ 

6 

6 

6 

5 

5 

4 

5 


R 18 
I 5 


L 

L 

L 

L 

I 

L 

L 

L 

T 

T 

J 

L 

L 

Y 

L 

L 

L 


5 

5 

5 

5 

5 

5 

5 

5 

4 
7 

6 

5 

5 

6 
5 
5 
5 


R 18 
T 4 


PWR 

al20 

al20 

al20 

237 

104 

158 

170 

158 

158 

104 

230 

230 

100 

100 

146 

146 

a300 

115 

158 

104 

al20 

158 

104 

104 

170 


COMA 

0.65 

0.95 


DC 

1 

2 

si 

2 

5 

8 

DO/ 

52/ 

si 

2 

0 

1 


DC 


DC 

9 

9 


T 

T 

T 

L 


4 

4 

4 

5 


167 


1.3 

0.7 

2 

0.5 

4/ 

0.43 

d5 

1.1 

2 

0.4 

4 

0.9 

3 

1.0 

3/ 

0.8 

4 

0.8 

5 

1 

21 

1.1 

3 

0.75 

1 

0.8 

5 

1 

3 

0.54 

s5 

+ 0.7 

8 

1.2 

3/ 

1.1 

3 

0.7 

3/ 

1.0 

1.1 

3 

1.3 

2/ 

0.9 

2 

1.0 

2 

0.41 

s5/ 

0.49 

s5/ 

0.45 

s5/ 

0.41 

S6 

1 

0 


TAIL 

0.1 


PA OBS . 

RES 
316 TUB 
PI001 
RES 
KWI 
TUB 
FAJ 
PLE01 
PI001 
RES 
SPE01 
SZA 
RES 


TAIL PA 
0.9m 165 
0.7m 154 
1.1m 151 
1.1m 142 
1.5m 136 
0.8m 130 


TAIL PA 


OBS. 

NAK01 

NAK01 

NAK01 

NAK01 

NAK01 

NAK01 


OBS. 

NAK01 

NAK01 


DC TAIL PA 

1.6m 134 
1.9m 131 


49.4s 130 


54.7s 117 
* 4 m 110 


2.8m 124 


91.9s 114 
42.3s 116. 
75.0s 104 
98.7s 104 


OBS. 
NAK01 
NAK01 
RAK01 
E0R02 
HEY 
ROQ 
E0R02 
SHA02 
E0R02 
PLS 
HEY 
SAR02 
SZE02 
EAS02 
MAR02 
SAR02 
BAK01 
ROQ 
MIK 
BOU 
HOR02 
MEY 
NAK01 
H0R02 
EOR02 
PLS 
SEA02 
ROQ 
ROQ 
ROQ 
ROQ 
MAR02 
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Comet C/1997 D1 (Mueller) [cont.] 


DATE 

(UT) 

N 

MM 

MAG. 

RF 

AP. 

T 

1997 

03 

30.13 


J 

12.8 

SC 

25.4 

T 

1997 

03 

30.89 


S 

13.6: 

NP 

20 

T 

1997 

03 

31.91 


S 

13.9: 

VB 

20 

T 

1997 

04 

01.86 


s 

13.3 

GA 

25.4 

J 

1997 

04 

02.83 


M 

13.6 

IS 

35 

L 

1997 

04 

02.93 


S 

13.8: 

HS 

44.5 

L 

1997 

04 

03.91 


s 

13.9: 

HS 

30 

R 

1997 

04 

07.89 


s 

13.6: 

VB 

33 

L 

1997 

04 

07.90 


s 

13.3 

AC 

25.4 

J 

1997 

04 

09.92 


S [13 . 9 

VB 

20 

T 

1997 

04 

10.91 


S 

13.6: 

VB 

33 

L 

1997 

04 

13.15 


J 

13.1 

SC 

25.4 

T 

Comet 4P/Faye 







DATE 

(UT) 

N 

MM 

MAG. 

RF 

AP. 

T 

1991 

10 

19.80 


S 

10.5: 

SC 

6.0 

R 

1991 

11 

09.80 


S 

10.0 

SC 

6.0 

R 

Comet 6P/d’ Arrest 





DATE 

(UT) 

N 

MM 

MAG. 

RF 

AP. 

T 

1995 

07 

29.04 


S 

12.1 

NP 

44.5 

L 

1995 

07 

30.07 


S 

11.5 

NP 

44.5 

L 

1995 

07 

30.07 


s 

11.9 

NP 

44.5 

L 

1995 

09 

18.66 


B 

9.8 

S 

20.3 

T 


Comet 22P/Kopff 


DATE 

(UT) 

N MM MAG. 

RF 

AP. 

T 

1996 

07 

05.81 

S 

8.2 

s 

20 

L 

1996 

07 

14.89 

~ S 

8.7 

s 

15 

L 

1996 

07 

15.84 

S 

8.6 

S 

20 

L 

1996 

07 

20.04 

S 

8.8 

s 

15 

L 

1996 

07 

24.98 

S 

8.1 

AA 

8.0 

B 

1996 

07 

31.98 

S 

8.1 

AA 

8.0 

B 

1996 

08 

01.99 

s 

8.2 

AA 

8.0 

B 

1996 

08 

02.98 

s 

8.2 

AA 

8.0 

B 

1996 

08 

03.98 

s 

8.3 

AA 

8.0 

B 

1996 

08 

04.99 

s 

8.3 

AA 

8.0 

B 

1996 

08 

05.99 

s 

8.5 

AA 

8.0 

B 

1996 

08 

06.79 

s 

8.9 

S 

20 

L 

1996 

08 

06.98 

s 

9.0 

S 

15 

L 

1996 

08 

06.99 

s 

8.5 

AA 

8.0 

B 

1996 

08 

07.98 

s 

8.6 

AA 

8.0 B 

1996 

08 

13.71 

s 

9.5 

S 

20 

L 

1996 

08 

13.98 

s 

9.6 

S 

15 

L 

1996 

08 

31.76 

S[10 : 

AA 

20 

L 

1996 

09 

05.81 

S 

10.2 

AA 

20 

L 

1996 

09 

05.91 

S 

10.2 

AA 

15 

L 

1996 

09 

15.78 

S 

10.5 

AA 

20 

L 

1997 

01 

12.42 

a C 

14.3 

GA 

60.0 

Y 

1997 

02 

09.41 

C 

15.8: 

GA 

60.0 

Y 


Comet 29P/Schwassmaim.-Wachmaim 1 

DATE (OT) N MM MAG. RF AP. T 

1996 12 22.20 S[13.0 AC 25.4 L 

1997 02 02.19 S 11.6 TI 35 L 

1997 02 02.20 S 11_.7 HS 35 L 

1997 02 03.19 S 12.0: TI 35 L 

1997 02 08.15 S 14.1: VB 30 R 

1997 02 14.15 S 13.7 VB 30 R 

1997 02 16.18 S 14.1 NP 44.5 L 

1997 03 01.02 S 13.7 VB 30 R 


F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

4 


0.31 

s5/ 

78.5s 

92 

roq 

10 

135 

0.6 

4 



SHA02 

10 

135 

0.4 

4 



SHA02 

6 

143 

1.0 

1/ 



BOU 

5 

158 

1 

2 



H0R02 

5 

230 

0.8 

2 



SAR02 

18 

170 

0.5 

3 



SHA02 

5 

75 

0.7 

3 



SHA02 

6 

143 

1.0 

1/ 



BOU 

10 

135 





SHA02 

5 

100 

1.1 

3 



SHA02 

4 


< 1 

s6 

65.2s 

96 

ROQ 


F/ 

PWR 

COMA 

DC TAIL PA 

OBS. 

10 

30 

ft 1 


MAN01 

10 

30 

ft 1 

3m 90 

MAN01 


F/ 

PWR 

COMA 

DC 

TAIL PA OBS. 

5 

100 

4 

4 

MAR02 

5 

100 

3 

3 

RODOl 

5 

100 

4 

3 

MAR02 

10 

48 

2.7 

1 

NAG04 


F / 

PWR 

COMA 

DC TAIL 

PA OBS. 

8 

83 


3 

C0002 

9 

50 

4.0 

3 

SMI08 

8 

83 

2.0 

3 

C0002 

9 

50 

3.9 

3 

SMI08 


11 

6 

4 

DES01 


11 

6 

3/ 

DES01 


11 

5 

3 

DES01 


11 

5 

3 

DES01 


11 

6 

3/ 

DES01 


11 

6 

3/ 

DES01 


11 

5 

3 

DES01 

8 

83 

0.7 

3 

C0002 

9 

50 

3.2 

2 

SMI08 


11 

5 

3/ 

DES01 


11 

5 

3/ 

DES01 

8 

83 


2 

C0002 

9 

80 

3.0 

1 

SMI08 

8 

83 



C0002 

8 

83 


1 

C0002 

9 

80 

1.0 

0 

SMI08 

8 

83 


1 

C0002 

6 


2.2 


NAK01 

6 


1.3 


NAK01 


F/ 

PWR 

COMA 

DC TAIL 

PA OBS. 

5 

104 

! 0.5 


MEY 

5 

92 

2.1 

1/ 

H0R02 

5 

92 

1.8 

2 

PLS 

5 

104 

1.6 

1/ 

H0R02 

18 

170 

0.3 

5 

SHA02 

18 

170 

0.7 

s2 

SHA02 

5 

100 

1.5 

0/ 

MAR02 

18 

210 

0.6 

2 

SHA02 
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Comet 29P/Schwassmaim-Waclmaiui 1 [cont 


DATE (UT) 

N MM MAG. 

RF 

AP. T F/ 

1997 03 06.13 

S[13 .4 

HS 

30 R 

18 

1997 03 07.96 

S[13 .5 

HS 

44.5 L 

5 

1997 03 08.96 

S[13 .5 

HS 

44.5 L 

5 

1997 03 10.93 

S 13.5 

HS 

35 L 

5 

1997 03 12.92 

S 13.6 

HS 

35 L 

5 

1997 03 13.02 

S 13.6 

VB 

30 R 

18 

1997 03 28.93 

S 14.2 

NP 

44.5 L 

5 

1997 03 28.93 

S[12.9 

HS 

20 T 

10 

1997 03 31.92 

S[13.8: 

: VB 

20 T 

10 

1997 04 01.92 

SC13.5 

HS 

44.5 L 

5 

1997 04 02.93 

S [13.5 

HS 

44.5 L 

5 

1997 04 07.91 

S [13.4 

VB 

33 L 

5 

1997 04 09.94 

SL13.5 

VB 

20 T 

10 

Comet 46P/Wirtanen 




DATE (UT) 

N MM MAG. 

RF 

AP. T F/ 

1997 02 01.75 

S 11.8 

AC 

25.4 L 

5 

1997 02 02.72 

S 11.5 

TI 

35 L 

5 

1997 02 02.73 

M 11.4 

TI 

35 L 

5 

1997 02 03.71 

S[10 . 8 

AC 

11.0 L 

7 

1997 02 06.74 

! S 11.0 

HS 

44.5 L 

5 

1997 02 06.74 

! S 11.4 

HS 

44.5 L 

5 

1997 02 06.75 

M 10.9 

TI 

35 L 

5 

1997 02 07.77 

S 10.5: 

HS 

30 R 

18 

1997 02 07.77 

a S 11.3 

AC 

25.4 L 

5 

1997 02 09.42 

C 12.1 

GA 

60.0 Y 

6 

1997 02 10.74 

M 10.8: 

TI 

10 B 


1997 02 10.78 

! S 10.8 

AC 

30 R 

18 

1997 02 14.75 

M 10.2: 

TI 

35 L 

5 

1997 02 14.75 

M 10.3: 

TI 

35 L 

5 

1997 02 18.79 

S 10.6 

AC 

20 R 

14 

1997 02 22.75 

~ S 10.4 

TI 

10 B 


1997 02 24.43 

a C 11.8 

GA 

60.0 Y 

6 

1997 02 24.71 

B 9.7: 

AC 

11.0 L 

7 

1997 02 24.72 

B 10.0 

AC 

11.0 L 

7 

1997 02 24.73 

S 9.9 

AC 

11 L 

7 

1997 02 25.73 

S 9.8: 

AC 

11 L 

7 

1997 02 27.75 

M 9.4 

TI 

13 L 

8 

1997 02 27.76 

S 9.5 

TI 

13 L 

8 

1997 02 28.75 

S 10.6 

TI 

10 B 


1997 02 28.76 

M 9.4 

TI 

35 L 

5 

1997 02 28.77 

S 10.5 

AC 

11.0 L 

7 

1997 02 28.79 

B 10.5 

AC 

11.0 L 

7 

1997 03 01.42 

S 10.5: 

HS 

25.4 T 

6 

1997 03 01.44 

S 10.2 

A 

41.0 L 

6 

1997 03 01.75 

S 10.2 

TI 

10 B 


1997 03 01.76 

M 9.3 

TI 

35 L 

5 

1997 03 01.77 

S 9.6 

AC 

25.4 L 

5 

1997 03 04.77 

M 9.6 

TI 

35 L 

5 

1997 03 04.77 

S 9.5 

AC 

25.4 L 

5 

1997 03 04.77 

S 10.0: 

TI 

35 L 

5 

1997 03 05.75 

B 10.2 

AC 

11.0 L 

7 

1997 03 05.77 

M 9.4 

TI 

35 L 

5 

1997 03 06.77 

S 10.3 

AA 

6.3 R : 

13 

1997 03 06.78 

S 9.9: 

AC 

15.2 L 

5 

1997 03 06.80 

S 9.6 

HS 

25.4 J 

6 

1997 03 07.42 

C 10.9 

GA 

60.0 Y 

6 i 

1997 03 07.44 

S 10.2: 

HS 

10.0 B 


1997 03 07.75 

M 10.1 

HS 

44.5 L 

5 

1997 03 07.75 

S 9.9 

HS 

44.5 L 

5 

1997 03 07.75 

S 10.0 

HS 

44.5 L 

5 

1997 03 07.77 

M 9.5 

TI 

20 L 

5 

1997 03 07.77 

S 9.4 

TI 

10 B 


1997 03 07.78 

M 9.2 

TI 

20 L 

5 




PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

170 





SHA02 

230 

1 




SAR02 

230 

1 




SAR02 

237 

0.8 

1 



H0R02 

237 

0.8 

1 



H0R02 

290 

0.5 

2 



SHA02 

100 

< 1 

0/ 



MAR02 

135 





SHA02 

135 





SHA02 

230 

1 




SAR02 

230 

1 




SAR02 

75 





SHA02 

135 





SHA02 

PWR 

CDMA 

DC 

TAIL 

PA 

OBS. 

104 

1.5 

3 



MEY 

104 

1.6 

3 



PLS 

104 

1.8 

2/ 



H0R02 

50 

! 1.5 




BAR06 

230 

1.8 

2 



BAK01 

230 

1.8 

4 



SAR02 

104 

2.4 

2/ 



H0R02 

170 

0.7 

2 



SHA02 

65 

2 

3 



MEY 


3.0 


2.4m 

71 

NAK01 

25 

2.5 

4 



ZNO 

100 

1.8 

3 



SHA02 

92 

3.6 

2/ 



H0R02 

92 

1.8 

2/ 



PLS 

90 

1.2 

2 



SHA02 

25 

2.5 

3 



ZNO 


3.8 


5.7m 

72 

NAK01 

50 

6 

1 



ISH03 

50 

6 

1 



NAU 

50 

6 

2/ 



BAR06 

50 

6 

2 



BAR06 

69 

3.5 

3 



H0R02 

69 

3 

2 



PLS 

25 

3.0 

2 



ZNO 

92 

3.5 

3 



H0R02 

50 

6 

3/ 



BAR06 

50 

4 

2 



ISH03 

60 

1.3 

4 



Y0S04 

80 

3 

3 



K0B01 

25 

3.0 

2/ 



ZNO 

92 

3 

3 



H0R02 

65 

2 

3/ 



MEY 

66 

3.7 

3 



H0R02 

65 

1.5 

3/ 



MEY 

66 

2.2 

1/ 



PLS 

32 

4 

1 



ISH03 

66 

3 

3 



H0R02 

52 

3 

1 



KOS 

42 

3.5 

2 



MOE 

58 

2.2 

2/ 



BOU 

L20 

4.1 




NAK01 

20 

k 3 




Y0S02 

72 

5 

5/ 

0.18 

120 

SZE02 

72 

4 

5 

0.1 

150 

BAK01 

72 

4 

5 

0.14 

130. 

SAR02 

48 

3.5 

2/ 



PLS 

25 

3.5 

3 



ZNO 

48 

3.5 

3 



H0RO2 



INTERNATIONAL COMET QUARTERLY 


Comet 

; 46P/Wirtanen 

[cont 

.] 





DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T 

F/ 

PWR 

1997 

03 

07.78 


s 

9.5 

AC 

25.4 

L 

5 

65 

1997 

03 

08.79 


s 

9.8 

HS 

44.0 

L 

5 

63 

1997 

03 

09.80 


s 

9.7 

HI 

25.4 

J 

6 

58 

1997 

03 

09.83 

a 

s 

9.6 

VF 

25.3 

L 

6 

58 

1997 

03 

09.83 

a 

s 

10.3 

VF 

25.3 

L 

6 

58 

1997 

03 

10.75 


s 

10.0 

AA 

6.3 

R 

13 

52 

1997 

03 

10.78 


M 

9.1 

TI 

20 

L 

5 

48 

1997 

03 

10.78 


s 

9.4 

AC 

25.4 

L 

5 

65 

1997 

03 

10.87 


s 

10.0 

AC 

11.0 

L 

7 

56 

1997 

03 

11.78 


s 

9.5: 

AC 

25.4 

L 

5 

65 

1997 

03 

11.79 


M 

9.0 

TI 

20 

L 

5 

48 

1997 

03 

11.79 


M 

9.5 

TI 

20 

L 

5 

48 

1997 

03 

11.83 

i 

S 

10.1 

AC 

20 

R 

14 

90 

1997 

03 

12.80 


M 

9.5 

TI 

20 

L 

5 

48 

1997 

03 

12.81 


M 

9.0 

TI 

20 

L 

5 

48 

1997 

03 

26.75 


S 

10.0: 

AC 

20.0 

L 

5 

71 

1997 

03 

28.86 


M 

9.7 

HP 

44.5 

L 

5 

100 

1997 

03 

28.89 

i 

S 

9.5 

NP 

20 

T 

10 

75 

1997 

03 

29.84 


M 

9.8 

NP 

21.0 

L 

6 

60 

1997 

03 

29.85 

a 

S 

9.3 

PA 

25.3 

L 

6 

58 

1997 

03 

29.85 

a 

S 

9.5 

PA 

25.3 

L 

6 

58 

1997 

03 

30.75 


S 

10.8: 

AC 

11.0 

L 

7 

32 

1997 

03 

30.78 


M 

10.1 

TI 

10 

B 


25 

1997 

03 

30.86 

i 

S 

10.5 

VB 

20 

T 

10 

75 

1997 

03 

31.84 

a 

S 

10.0 

GA 

25.4 

J 

6 

72 

1997 

03 

31.85 


M 

9.7 

NP 

21.0 

L 

6 

60 

1997 

03 

31.85 

; 

S 

9.9 

VB 

20 

T 

10 

75 

1997 

03 

31.85 

a 

s 

9.6 

PA 

25.3 

L 

6 

58 

1997 

03 

31.85 

a 

s 

9.9 

PA 

25.3 

L 

6 

58 

1997 

03 

31.87 


s 

10.3 

AC 

28.0 

T 

6 

68 

1997 

04 

01.79 


s 

10.6: 

HS 

25.4 

L 

6 

104 

1997 

04 

01.83 

— 

s 

9.7 

HS 

20.3 

T 

10 

80 

1997 

04 

01.84 

a 

s 

10.1 

GA 

25.4 

J 

6 

72 

1997 

04 

02.79 


s 

10.0 

HS 

44.5 

L 

5 

82 

1997 

04 

02.80 


M 

10.2 

TI 

10 

B 


25 

1997 

04 

02.82 


M 

10.4 

TI 

35 

L 

5 

104 

1997 

04 

03.78 


s 

9.7 

HS 

44.5 

L 

5 

82 

1997 

04 

03.85 

i 

s 

9.5 

VB 

33 

L 

5 

45 

1997 

04 

04.75 


S[10 .7: 

AC 

11.0 

L 

7 

50 

1997 

04 

04.78 


S 

10.4 

HS 

44.5 

L 

5 

82 

1997 

04 

04.78 


S 

10.9 

HS 

44.5 

L 

5 

82 

1997 

04 

04.85 

a 

S 

9.3 

PA 

25.3 

L 

6 

58 

1997 

04 

04.85 

a 

S 

9.5 

PA 

25.3 

L 

6 

58 

1997 

04 

05.85 


M 

9.6 

NP 

21.0 

L 

6 

60 

1997 

04 

06.84 


S 

9.6 

HS 

20.3 

T 

10 

80 

1997 

04 

07.79 


M 

9.8 

TI 

10 

B 


25 

1997 

04 

07.84 


S 

9.4 

HS 

20.3 

T 

10 

80 

1997 

04 

07.84 


S 

10.5 

AC 

15.2 

L 

5 

42 

1997 

04 

07.85 


s 

10.3 

GA 

25.4 

J 

6 

72 

1997 

04 

07.86 


s 

10.5 

VB 

33 

L 

5 

45 

1997 

04 

09.83 


s 

10.3 

AC 

15.2 

L 

5 

42 

1997 

04 

09.87 

i 

s 

10.7 

VB 

20 

T 

10 

75 

1997 

04 

10.88 

j 

s 

11.4 

VB 

33 

L 

5 

75 

1997 

04 

11.20 


s 

10.1 

AC 

20.0 

T 

10 

125 

1997 

04 

13.79 


M 

10.2 

TI 

10 

B 


25 

1997 

04 

15.13 

i 

J 

10.1 

SC 

25.4 

T 

4 


1997 

04 

15.86 


s 

10.6 

HS 

20 

R 

14 

90 

1997 

04 

23.87 


S[10.5 

VB 

20 

R 

14 

90 

1997 

04 

26.88 


S 

10.5 

AC 

15.2 

L 

5 

42 

1997 

04 

27.79 


SCll.3 

VF 

20.0 

L 

7 

71 

Comet 81P/Wild 

2 








DATE 

(UT) 

N 

MM MAG. 

EF 

AP. 

T 

F/ 

PWR 

1996 

12 

22.19 


S 

12.2 

AC 

25.4 

L 

5 

104 
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COMA 

DC TAIL 

PA OBS . 

2 

3 

MEY 

1.4 

3 

HAS02 

2.8 

1/ 

BOU 

ft 2.5 

2 

PER01 

ft 2.1 

2, 

VIT01 

3 

2 

KOS 

3.6 

3 

H0R02 

2 

4 

MEY 

6 

3 

BAR06 

2 

3 

MEY 

3.3 

2/ 

HOR02 

4 

2/ 

PLS 

2.5 

1 

SHA02 

3.5 

2 

PLS 

3 

2/ 

H0R02 

3.5 

2 

BAR06 

2 

5 

MAR02 

2.5 

2 

SHA02 

3 

4/ 

MAR02 

ft 2.4 

3 

PER01 

ft 2 

3/ 

vrroi 

2 

1 

BAR06 

3 

3 

ZNO 

2.3 

3 

SHA02 

2.6 

2 

BOU 

2 

4 

MAR02 

3.1 

2 

SHA02 

ft 1.8 

3/ 

PER01 

ft 1.3 

21 

VIT01 

2.5 

2 

MOE 

1.5 

2 

SAR02 

1.7 

2 

KAM01 

2.6 

2 

BOU 

1.9 

5 

SAR02 

2.5 

2/ 

ZNO 

1.5 

2 

H0R02 

2.2 

5/ 

SAR02 

3.4 

2 

SHA02 

! 2 


BAR06 

2.0 

4 

SAR02 

3 

2 

DOB 

> 2 

3 

PER01 

ft 2.5 

3/ 

VITOi 

> 3 

4 

MAR02 

1.7 

2 

KAM01 

3 

2 

ZNO 

2.1 

1/ 

KAM01 

2 

3 

MOE 

2.5 

2 

BOU 

3.1 

2 

SHA02 

2 

2 

MOE 

2.4 

2 

SHA02 

4.0 

2 

SHA02 

2.1 

2/ 

SPR 

2.5 

2/ 

ZNO 

1.70 

s5/ ? 

Roq 

2.0 

2 

SHA02 


SHA02 

2 2 MOE 

! 2 BAR06 


COMA DC TAIL PA OBS. 

1.3 4/ MET 
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Comet 81P/Wild 2 [cont.] 


DATE (UT) 

N MM 

MAG. 

RF 

AP . IF/ 

PWR 

1997 01 06.87 

S 

11.3 

AC 

25.4 L 

5 

65 

1997 01 12.84 

S 

11.2 

AC 

25.4 L 

5 

65 

1997 01 16.15 

S 

10.7 

AC 

20.0 T 

10 

102 

1997 01 18.12 

M 

10.8 

AC 

25.4 L 

5 

65 

1997 01 25.72 

M 

10.6 

TI 

35 L 

5 

92 

1997 01 25.73 

M 

10.6 

TI 

35 L 

5 

92 

1997 01 26.73 

M 

10.3 

TI 

35 L 

5 

92 

1997 01 26.73 

M 

10.6 

TI 

35 L 

5 

92 

1997 01 26.77 

M 

10.4 

AC 

25.4 L 

5 

65 

1997 01 27.78 

S 

9.7 

AA 

11.0 L 

7 

32 

1997 01 29.75 

S 

9.9 

AC 

11 L 

7 

50 

1997 01 29.81 

B 

10.0 

AC 

11 L 

7 

32 

1997 01 29.81 

B 

10.0 

AC 

11 L 

7 

32 

1997 01 30.92 

S 

10.4 

AC 

20.3 T 

10 

50 

1997 01 30.96 

M 

10.7 

AC 

25.4 J 

6 

58 

1997 01 31.80 

M 

10.0 

TI 

35 L 

5 

92 

1997 01 31.81 

M 

10.0 

TI 

35 L 

5 

92 

1997 02 01.08 

M 

10.3 

AC 

25.4 L 

6 

108 

1997 02 01.56 

C 

10.2 

GA 

60.0 Y 

6 


1997 02 01.74 

M 

10.0 

TI 

10 B 


25 

1997 02 01.77 

S 

10.3 

AC 

15.2 L 

5 

76 

1997 02 01.80 

M 

10.1 

AC 

25.4 L 

5 

65 

1997 02 01.83 

M 

9.8 

TI 

35 L 

5 

92 

1997 02 01.90 

M 

10.4 

AC 

25.4 J 

6 

58 

1997 02 01.96 

S 

10.5 

AA 

37.0 C 

12 

79 

1997 02 01.96 

S 

10.5: 

AA 

37.0 C 

12 

79 

1997 02 01.99 

B 

9.9 

AC 

11 L 

7 

50 

1997 02 01.99 

S 

10.0 

AC 

11 L 

7 

50 

1997 02 02.00 

M 

10.1 

AC 

25.4 L 

6 

108 

1997 02 02.75 

S 

9.7 

TI 

11 L 

8 

32 

1997 02 02.77 

M 

9.7 

TI 

35 L 

5 

66 

1997 02 02.77 

M 

9.7 

TI 

35 L 

5 

66 

1997 02 02.82 

S 

9.9 

AC 

11 L 

7 

50 

1997 02 02.82 

S 

9.9 

AC 

11 L 

7 

50 

1997 02 02.84 

S 

9.6 

AA 

11.0 L 

7 

32 

1997 02 02.84 

S 

10.5 

VB 

30 R 

18 

100 

1997 02 03.03 

M 

10.2 

AC 

25.3 L 

6 

58 

1997 02 03.03 

S 

9.9 

AC 

25.3 L 

6 

58 

1997 02 03.08 

S 

10.1 

AC 

11 L 

7 

50 

1997 02 03.09 

S 

10.3 

AC 

20.3 T 

10 

50 

1997 02 03.09 

S 

10.3: 

AC 

20.3 T 

10 

50 

1997 02 03.49 

S 

9.7 

GA 

10.0 B 


25 

1997 02 03.75 

M 

10.3 

AC 

11 L 

7 

50 

1997 02 03.77 

S 

10.3 

AC 

11 L 

7 

50 

1997 02 03.88 

S 

9.9 

AA 

15.0 R 

8 

30 

1997 02 03.97 

M 

10.3 

AC 

25.3 L 

6 

58 

1997 02 03.97 

M 

10.3 

AC 

25.3 L 

6 

58 

1997 02 04.14 

S 

10.3 

AC 

11 L 

7 

50 

1997 02 04.42 

M 

9.9 

GA 

10.0 B 


25 

1997 02 04.66 

S 

9.6 

AA 

10.5 R 

7 

23 

1997 02 04.78 

S 

10.4 

AA 

11.0 L 

7 

115 

1997 02 04.86 

B 

9.9 

AC 

11 L 

7 

50 

1997 02 04.86 

B 

10.0 

AC 

11 L 

7 

50 

1997 02 05.00 

S 

9.9 

AC 

11 L 

7 

50 

1997 02 05.16 

S 

9.9 

AC 

20.0 T 

10 

64 

1997 02 05.47 

S 

10 : 

GA 

10.0 B 


25 

1997 02 05.76 

P 

10.5: 

AA 

5.0 A 

4 


1997 02 05.77 

S 

10.2 

AC 

15.2 L 

5 

42 

1997 02 05.79 

S 

9.8 

AA 

15.0 R 

8 

30 

1997 02 05.83 

S 

10.4: 

HS 

30 R 

18 

100 

1997 02 05.89 

B 

10.3 

HS 

25.6 L 

5 

42 

1997 02 06.16 

S 

9.8 

AA 

20.0 T ; 

10 

64 

1997 02 06.78 

S 

9.8 

HS 

25.4 L 

6 

104 

1997 02 06.78 

S 

9.9 

HS 

25.4 L 

6 

104 

1997 02 06.80 

M 

9.2 

TI 

35 L 

5 

92 
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COMA 

DC 

TAIL PA OBS . 

1.3 

s5/ 

MEY 

2.3 

s5/ 

MEY 

1.5 

4 

SPR 

2.0 

S5/ 

MEY 

1.5 

5 

HOR02 

1.7 

4 

PLS 

2 

5 

HOR02 

1.8 

4/ 

PLS 

1.5 

S6 

MEY 

4.5 

4 

VEL03 

5 

3/ 

BAR06 

4 

2 

RED 

4.5 

2/ 

ISH03 



ANZ 

1.8 

5 

BOU 

2.4 

5 

H0R02 

1.8 

5 

PLS 

2.0 

6 

GRA04 

5 . 1 


> 6.8m 280 NAK01 

2.5 

5 

ZNO 

3.5 

2 

MOE 

2 

S5 

MEY 

2.5 

5 

H0R02 

2.0 

5 

BOU 

2 

4 

ANZ 

ft 2 

4 

ANZ 

4.5 

3/ 

BAR06 

4.5 

3/ 

BAR06 

2.5 

6 

GRA04 

3 

4 

KYS 

2.6 

5/ 

PLS 

2.7 

6 

H0R02 


2 

LUK04 

4.5 

3 

BAR06 

3.8 

4 

VEL03 

1.1 

s4 

SHA02 

ft 2.0 

5 

PER01 

ft 2.0 

5 

PER01 

4 

3 

BAR06 

2 

4 

ANZ 

ft 2 

4 

ANZ 



SEA 

4 

4 

LDK04 

4.5 

3/ 

BAR06 

2 

5 

DIE02 

ft 1.4 

5/ 

VIT01 

ft 2.3 

5 

PER01 

3 

2 

BAR06 

7 

6 

SEA 


3 

HAS08 

1 

3 

IVA03 

4.5 

3 

ISH03 

5 

3 

RED 

4.5 

3 

BAR06 

3.0 

4/ 

SPR 



SEA 

1 


IVA03 

3.5 

3 

MOE 

2 

6 

DIE02 

4.2 

s3 

SHA02 

3.5 

7 

BIV 

2.5 

4 

. SPR 

2.5 

5/ 

SAR02 

3 

6 

BAKOi 

2.5 

6 

H0RO2 
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Comet 81P/Wild 2 [cont.] 


DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

DBS. 

1997 

02 

06.88 

B 

10.1 

HS 

25.6 

L 

5 

42 

3 

6 



BIV 

1997 

02 

06.90 

S 

9.8 

AA 

15.0 

R 

8 

30 

2 

6 



DIE02 

1997 

02 

06.92 

S 

9.8 

AC 

11 

L 

7 

32 

5 

3 



BAR06 

1997 

02 

07.06 

S 

10.1 

AC 

20.3 

T 

10 

50 

ft 2 

4/ 



ANZ 

1997 

02 

07.20 

B 

10.2 

NP 

17.3 

L 

6 

42 

3 

5 



TRI 

1997 

02 

07.55 

E 

9.8 

GA 

10.0 

B 


25 





SEA 

1997 

02 

07.55 

S 

9.7 

GA 

10.0 

B 


25 





SEA 

1997 

02 

07.73 

S 

10.3 

AA 

11.0 

L 

7 

115 

1.3 

3 



IVA03 

1997 

02 

07.77 

M 

10.1 

AC 

25.4 

L 

5 

65 

2 

S5/ 



MEY 

1997 

02 

07.83 

B 

9.9 

AC 

11 

L 

7 

50 

5 

3 



ISH03 

1997 

02 

07.85 

S 

9.9 

AC 

11 

L 

7 

50 

4 

3 



BAR06 

1997 

02 

07.86 

S 

10.0 

AC 

11 

L 

7 

50 

5 

3 



CHU 

1997 

02 

07.93 

M 

10.3 

AC 

25.4 

J 

6 

58 

2.2 

5/ 



BOU 

1997 

02 

07.94 

S 

10.6 

VB 

33 

L 

5 

100 

1.7 

4 


103 

SHA02 

1997 

02 

07.97 

S 

10.0 

AC 

15.2 

L 

5 

42 

3.5 

3 



MOE 

1997 

02 

07.98 

s 

10.7 

VB 

30 

R 

18 

100 

1.4 

5 



SHA02 

1997 

02 

08.21 

B 

10.5 

NP 

17.3 

L 

6 

42 

2.5 

5 



TRI 

1997 

02 

08.72 

S 

10.2 

AC 

11 

L 

7 

50 

3.8 

3 



BAR06 

1997 

02 

08.78 

S 

11.9: 

VB 

30 

R 

18 

170 

0.7 

2 



SHA02 

1997 

02 

08.81 

S 

10.2 

AA 

11.0 

L 

7 

115 

1.3 

3 



IVA03 

1997 

02 

08.92 

S 

9.8 

AC 

8.0 

B 


12 

6 

2 



BAR06 

1997 

02 

08.92 

S 

10.0: 

AC 

11 

L 

7 

50 

6 

3 



MANOi 

1997 

02 

08.93 

S 

9.9 

AC 

15.2 

L 

5 

42 

3.5 

4 



MOE 

1997 

02 

08.95 

B 

9.7 

NP 

44.5 

L 

5 

100 

4 

4/ 



SAN04 

1997 

02 

08.95 

M 

10.1 

NP 

44.5 

L 

5 

100 

3 

5 



MAR02 

1997 

02 

09.02 

M 

10.2 

AC 

25.3 

L 

6 

58 

ft 2.4 

4/ 



PER01 

1997 

02 

09.02 

M 

10.3 

AC 

25.3 

L 

6 

58 

ft 1.3 

4/ 



VIT01 

1997 

02 

09.02 

S 

10.2 

AC 

25.3 

L 

6 

58 





PER01 

1997 

02 

09.02 

S 

10.2 

AC 

25.3 

L 

6 

58 





VIT01 

1997 

02 

09.16 

B 

10.5 

ES 

25.6 

L 

5 

42 

3 

5 



BIV 

1997 

02 

09.20 

B 

10.4 

NP 

17.3 

L 

6 

42 

2 

5 



TRI 

1997 

02 

09.54 

— S 

9.7 

GA 

10.0 

B 


25 

6 




SEA 

1997 

02 

09.57 

C 

9.8 

GA 

8.0 

R 

6 


8.3 


15 m 

288 

NAK01 

1997 

02 

09.73 

M 

9.3 

AA 

12.0 

B 


20 

6 

3 



NAS 

1997 

02 

09.95 

M 

10.0 

AC 

25.4 

L 

5 

65 

3 

S5 



MEY 

1997 

02 

09.96 

S 

10.2 

AC 

25.3 

L 

6 

58 

ft 2.3 

4/ 



PER01 

1997 

02 

09.96 

S 

10.5 

AC 

25.3 

L 

6 

58 

ft 1.3 

3/ 



VIT01 

1997 

02 

10.75 

M 

9.7 

TI 

10 

B 


25 

3.5 

6 



ZNO 

1997 

02 

10.81 

M 

9.8 

TI 

20 

L 

5 

48 

2.2 

4 



PLS 

1997 

02 

10.83 

S 

11.1 

VB 

30 

R 

18 

100 

0.9 

s4 

0.02 

110 

SHA02 

1997 

02 

10.89 

M 

9.2 

TI 

13 

L 

8 

69 

3 

3/ 



H0R02 

1997 

02 

10.91 

! V 

10.3 

GA 

36.0 

T 

7 


ft 7 

8 

ftlO m 

270 

MIK 

1997 

02 

10.93 

M 

10.2 

AC 

25.4 

J 

6 

58 

2.3 

4/ 



BOU 

1997 

02 

11.10 

S 

9.9 

AA 

15.0 

R 

8 

30 

2 

3 



DIE02 

1997 

02 

11.83 

S 

10.0 

AC 

11 

L 

7 

50 

5 

3 



BAR06 

1997 

02 

11.83 

s 

10.2 

AC 

11 

L 

7 

50 

5 

2 



LUK04 

1997 

02 

11.88 

M 

9.6 

TI 

20 

L 

5 

48 

3 

3/ 



PLS 

1997 

02 

11.88 

S 

9.7 

AC 

8.0 

B 


12 

8.5 

2 



BAR06 

1997 

02 

11.88 

S 

9.9 

AC 

8.0 

B 


12 

6 

2 



BAR06 

1997 

02 

11.89 

S 

10.1 

AA 

11.0 

L 

7 

115 

1.5 

3 



IVA03 

1997 

02 

12.69 

S 

8.8 

HS 

10.0 

B 


20 

5 

5 



YOS02 

1997 

02 

12.94 

s 

9.9 

AC 

11 

L 

7 

50 

5.8 

3 

0.05 

71 

BAR06 

1997 

02 

12.94 

s 

10.0 

AC 

11 

L 

7 

50 

6 

2/ 

0.05 

69 

LUK04 

1997 

02 

13.73 

M 

10.0 

HS 

12.5 

L 

6 

60 

2.0 

4 



TSU02 

1997 

02 

13.74 

S 

9.1 

HS 

25.4 

T 

6 

60 

2.5 

5 



Y0S04 

1997 

02 

13.79 

S 

11.1 

VB 

30 

R 

18 

100 

1.3 

s4 



SHA02 

1997 

02 

14.06 

S 

9.7 

AA 

15.0 

R 

8 

30 

2 

7 



DIE02 

1997 

02 

14.77 

M 

9.6 

TI 

35 

L 

5 

92 

3.0 

4/ 



PLS 

1997 

02 

14.77 

M 

9.7 

TI 

35 

L 

5 

92 

3.0 

6 



H0R02 

1997 

02 

15.02 

S 

9.9 

AC 

25.4 

L 

6 

61 

2.0 

5 



GRA04 

1997 

02 

15.17 

s 

10.9 

NP 

10 

B 


14 

2.3 

3 



SHA02 

1997 

02 

15.79 

s 

9.9 

AC 

25.4 

L 

6 

108 

2.2 

5 



GRA04 

1997 

02 

15.79 

s 

11.0 

VB 

30 

R 

18 

100 

1.0 

s3 



SHA02 

1997 

02 

15.84 

s 

10.1 

AA 

11.0 

L 

7 

80 

1.5 

3 



IVA03 

1997 

02 

15.94 

s 

10.2 

AC 

25.3 

L 

6 

58 

ft 2 

3/ 



PER01 
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DATE (UT) 

1997 02 15.94 
1997 02 16.13 
1997 02 16.14 
1997 02 16.79 
1997 02 22.74 
1997 02 23.72 
1997 02 23.77 
1997 02 23.94 
1997 02 24.72 
1997 02 24.73 
1997 02 24.73 
1997 02 24.73 
1997 02 24.73 
1997 02 24.76 
1997 02 24.93 
1997 02 25.73 
1997 02 25.83 
1997 02 26.83 
1997 02 26.90 
1997 02 27.77 
1997 02 27.77 
1997 02 27.78 
1997 02 27.94 
1997 02 27.94 
1997 02 27.94 
1997 02 27.94 
1997 02 28.76 
1997 02 28.78 
1997 02 28.79 
1997 02 28.79 
1997 02 28.81 
1997 02 28.83 
1997 02 28.99 ~ 
1997 03 01.10 
1997 03 01.47 
1997 03 01.49 
1997 03 01.56 
1997 03 01.76 
1997 03 01.77 
1997 03 01.77 
1997 03 01.83 
1997 03 01.83 
1997 03 01.86 
1997 03 01.93 
1997 03 02.76 
1997 03 02.78 
1997 03 02.80 
1997 03 02.82 
1997 03 02.82 
1997 03 02.84 
1997 03 02.84 
1997 03 02.93 
1997 03 03.02 
1997 03 03.46 
1997 03 03.46 
1997 03 03.79 
1997 03 03.82 
1997 03 03.82 
1997 03 03.84 
1997 03 03.88 
1997 03 03.88 
1997 03 04.04 
1997 03 04.06 
1997 03 04.77 
1997 03 04.78 


N MM MAG. 
S 10.3 


M 

M 

S 

M 

B 

S 

S 

B 

K 

S 

S 

S 

S 

S 

S 

S 

M 

S 

M 

S 

S 


9.8 

9.9 

9.6 

9.7 
9.7 
9.3 

10 . 0 : 

9.7 
9.5 

9.5 

9.6 

9.8 
9.2 

10.6 

9.5 


RF 

AC 

NP 

NP 

AA 

TI 

AC 

AA 

AC 

AC 

AC 

AC 

AC 

AC 

AA 

VB 

AC 


AP. 

25.3 
44.5 
44.5 

6.3 R 
10 B 
11.0 L 7 

6.3 R 13 


F/ 

6 

5 

5 

13 


11 I 

11.0 L 
8.0 B 
8.0 B 

8.0 B 
11 L 

6.3 R 
30 
11 


S 

S 

M 

S 

S 

s 

B 

S 

S 

S 

S 

S 

s 

M 

M 

S 

M 

S 

S 

s 

s 

M 

M 

S 

S 

B 

S 

S 

S 

S 

S 


i 10.3 

VB 

20 

R 

I 9.8 

TI 

20 

L 

10.0 

AA 

11.0 L 

I 9.2 

TI 

8.0 B 

9.8 

AC 

15.2 L 

9.5 

TI 

8.0 B 

10.3 

AC 

25.3 L 

10.5 

AC 

25.3 L 

9.9 

AC 

25.3 L 

10.3 

AC 

25.3 L 

9.8 

TI 

10 

B 

9.2 

AC 

8.0 B 

9.1 

AC 

8.0 B 

9.2 

AC 

11.0 L 

9.3 

AC 

11.0 L 

9.6 

TI 

11 

L 

10.6 

VB 

30 

R : 

10.3 

VB 

20 

R : 


9.3 
9.0 
9.7 

9.4 

9.3 

9.6 

9.7 
10.8 
10.3 

9.5 

9.4 

9.5 
9.0 

9.2 

9.3 
9.2 

10.2 

10.1 

10.0 

10.0 


S 

AA 

HS 

TI 

TI 

AA 

AC 

TI 

AC 

AA 

AA 

TI 

TI 

AC 

AC 

AC 

AC 

VB 

VB 

AA 

AA 


15.0 R 


41.0 
25.4 
10 
35 

6.3 R 

25.4 L 

8.0 B 

33.4 
20 


7 
13 
R 18 


5 

6 
6 

5 

13 

5 


L 

C 


6.3 R 


20 
20 L 
8.0 B 
11.0 L 
11.0 I 
8.0 B 


13 

5 

5 

7 

7 


30 

20 


10.0 B 


R 18 
T 10 


S 

10.1 

AC 

15.2 L 

S 

9.0 

AC 

8.0 B 

s 

9.2 

AC 

11.0 L 

M 

9.4 

TI 

35 L 

s 

9.9 

AC 

25.3 L 

s 

10.3 

AC 

25.3 L 

M 

9.2 

S 

8.0 B 

s 

9.3 

AC 

11.0 L 

s 

9.8 

AA 

6.3 R 

M 

9.3 

TI 

35 L 


7 

5 

6 
6 

7 

13 

5 


PWR 
58 
100 
100 
52 
25 
50 
52 
50 
50 
12 
12 
12 
50 
52 
100 
50 
40 
48 
80 
10 
42 
10 
58 
58 
58 
58 
25 
12 
12 
50 
50 
32 
100 
110 
25 
80 
60 
25 
92 
52 
65 
10 
61 
10 
52 
48 
48 
12 
50 
50 
12 
100 
75 
25 
25 
42 
12 
50 
92 

58 4 

58 l 
10 
50 
52 
66 


COMA 
& 1.3 
2.5 

3 

4 

3.0 

6 

4 

6 

6 

9 

8 

7 

4 

1.4 
4 

1.7 

4 

1.5 

5 

3.5 

6 

2.3 

1.3 

2.3 

1.3 
3.0 

10 

8 

6 

10 

3.5 

1.2 

1.3 

5 

8 

4.2 

3.5 

3.6 
3 

3 

4 
3 

1.5 
3 

4.5 

3.6 
9 

5.5 
7 
9 

1.3 

1.6 


2.5 
9 

6.5 

3.2 

2.2 
1.9 
4 

6 

3 

3.2 


DC 

3 

4 
6 / 
0 / 
5/ 
3 

0 / 

2 

3 

3 

3 

4 
3 

0 / 

3 

2 / 

s3 

5 
3 

4/ 

2 

3 

4/ 

3/ 

4/ 

3/ 

4/ 

3 

2 

3 

3 

2 / 

s3 

3 
4/ 

5 

5 

4 

5 
1 

s5 


s4 

3 

1 

4/ 

5/ 

2 

3 

3 

3 

4 
3 


3 

3 

3 
5 

4 

3/ 

5 
2 
1 
5 


TAIL 


PA OBS . 
VIT01 
SAN04 
MAR02 
KOS 
ZNO 
ISH03 
KOS 
BAR06 
ISH03 
LUK04 
BAR06 
ISH03 
BAR06 
KOS 
SBA02 

°-l 110 BAR06 

SHA02 
PLS 
IVA03 
H0R02 
MOE 
PLS 
PER01 
VIT01 
PER01 
VIT01 
ZNO 
ISH03 
BAR06 

_ . r BAR06 

0.15 90 ISH03 

KYS 

0-02 20 SHA02 

SHA02 
NAG02 
K0B01 
Y0S04 
ZNO 
H0R02 
KOS 
MEY 
POD 

0.2 90 SZE02 

DAM 
KOS 
PLS 
H0R02 
BAR06 

_ . BAR06 

0.1 90 ISH03 

0.1 90 ISH03 

SHA02 
SHA02 
SEA 
SEA 
MOE 
BAR06 

. BAR06 

0.07 115 H0R02 

PER01 

vrroi 

. G0N05 
BAR06 
KOS 

0.03 115 PLS 
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Comet 81P/Wild 2 [cont.] 


DATE 

(ITT) 

N MM 

MAG. 

RF 

AP. 

T 

F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 

03 

04.78 


M 

9.5 

TI 

35 

L 

5 

66 


3.5 

5/ 

0.07 

115 

H0R02 

1997 

03 

04.79 


S 

9.8 

AC 

25.4 

L 

5 

65 


2.5 

D4 



MEY 

1997 

03 

04.83 


S 

10.1 

AC 

28.0 

T 

6 

59 


3 

2 



MOE 

1997 

03 

04.86 


s 

9.0 

AC 

8.0 

B 


12 


8 

2 



BAR06 

1997 

03 

04.88 


s 

13.7 

HS 

44.0 

L 

5 

156 


0.3 

5 



HAS02 

1997 

03 

05.06 


s 

9.1 

AC 

11.0 

L 

7 

50 


7 

3 



BAR06 

1997 

03 

05.49 


s 

10.1 

HS 

40.0 

L 


96 


2.1 

5 



NAG08 

1997 

03 

05.50 


s 

9.8 

AA 

10.0 

B 


25 






SEA 

1997 

03 

05.52 


s 

8.9 

VG 

10.0 

B 


20 


7.5 

5 



NAG08 

1997 

03 

05.75 


B 

8.9 

AC 

8.0 

B 


12 

12 

3/ 

0.15 

90 

ISH03 

1997 

03 

05.79 


S 

9.4 

AA 

11.0 

L 

7 

32 


6 

3 



VEL03 

1997 

03 

05.83 


M 

9.3 

TI 

8.0 

B 


10 


5.5 

3/ 



H0R02 

1997 

03 

05.85 


S 

9.5 

AA 

15.0 

R 

8 

30 


1.5 

2 



DIE02 

1997 

03 

06.09 


S 

10.6 

VB 

30 

R 

18 

100 


1.6 

3 



SHA02 

1997 

03 

06.76 


s 

10.0 

AA 

6.3 

R 

13 

52 


3 

1 



KOS 

1997 

03 

06.81 


5 

9.9 

AC 

15.2 

L 

5 

42 


2.5 

3 



MOE 

1997 

03 

06.82 


M 

9.8 

GA 

25.4 

J 

6 

58 


2.2 

4 



BOU 

1997 

03 

07.51 


S 

9.2 

HS 

10.0 

B 


20 


4 

5 



Y0S02 

1997 

03 

07.76 


M 

9.6 

TI 

10 

B 


25 


4.5 

3/ 



ZNO 

1997 

03 

07.80 


M 

9.4 

TI 

20 

L 

5 

48 


4.5 

5 

0.05 

105 

PLS 

1997 

03 

07.80 


M 

9.5 

TI 

20 

L 

5 

48 


4 

4/ 



H0R02 

1997 

03 

07.80 


S 

9.9 

AC 

25.4 

L 

6 

104 


4 

s5 

0.3 

90 

BAK01 

1997 

03 

07.80 


S 

10.4 

AC 

25.4 

L 

6 

104 


4 

s4 

0.25 

80 

SAR02 

1997 

03 

07.80 


s 

10.4 

AC 

25.4 

L 

6 

104 


6 

s5 

0.6 

80 

SZE02 

1997 

03 

07.84 


s 

9.7 

AA 

15.0 

R 

8 

30 


2 

4 



DIE02 

1997 

03 

07.84 


s 

9.7 

AC 

25.4 

L 

5 

65 


3 

s4 



MEY 

1997 

03 

07.91 


M 

10.1 

HP 

21.0 

L 

6 

60 


4 

6 



MAR02 

1997 

03 

08.75 


M 

9.7 

TI 

10 

B 


25 


4 

3 



ZNO 

1997 

03 

08.79 


s 

10.2 

AC 

33.4 

L 

5 

61 


4 




SZE02 

1997 

03 

08.88 


s 

9.5 

AC 

10.0 

B 


25 


3.1 

3 



HAS02 

1997 

03 

08.98 


s 

9.7 

AC 

6.0 

B 


20 

10 

2 



SAR02 

1997 

03 

08.99 


M 

9.9 

NP 

44.5 

L 

5 

100 


3 

5/ 



MAR02 

1997 

03 

09.00 


S 

10.0 

AC 

25.3 

L 

6 

58 

ft 

1.6 

4/ 



PER01 

1997 

03 

09.00 


S 

10.5 

AC 

25.3 

L 

6 

58 

ft 

1.6 

5 



VIT01 

1997 

03 

09.77 


S 

9.4 

AA 

11.0 

L 

7 

32 


4.1 

4 



VEL03 

1997 

03 

09.80 


s 

9.2 

AC 

11.0 

L 

7 

32 


9 

5 



ISH03 

1997 

03 

09.82 


M 

9.8 

GA 

25.4 

J 

6 

72 


2.5 

4/ 



BOU 

1997 

03 

09.83 


s 

9.5 

AC 

20.3 

T 

10 

50 


1.9 

5 



KAM01 

1997 

03 

09.85 


s 

9.7 

AA 

15.0 

R 

8 

30 


2 

4 



DIE02 

1997 

03 

09.86 


s 

9.8 

AC 

25.3 

L 

6 

58 

ft 

2.2 

4 



PER01 

1997 

03 

09.86 


s 

10.4 

AC 

25.3 

L 

6 

58 

ft 

1.9 

4/ 



VIT01 

1997 

03 

09.87 

a 

s 

10.3 

NP 

25.3 

L 

6 

58 

ft 

2.2 

4 



PER01 

1997 

03 

09.87 

a 

s 

10.5 

NP 

25.3 

L 

6 

58 

ft 

1.9 

4/ 



VIT01 

1997 

03 

10.06 


s 

9.0 

AC 

11.0 

L 

7 

32 


7 

3 



BAR06 

1997 

03 

10.75 


s 

10.4 

AA 

6.3 

R 

13 

52 


2 

1 



KOS 

1997 

03 

10.80 


s 

9.8 

AC 

15.2 

L 

5 

42 


3 

3 



MOE 

1997 

03 

10.80 


s 

10.0 

AC 

33.4 

L 

5 

61 


6 

s6 

0.5 

95 

SZE02 

1997 

03 

10.81 


s 

9.3 

AA 

11.0 

L 

7 

32 


4 

3 



VEL03 

1997 

03 

10.82 


s 

9.6 

AC 

25.4 

L 

5 

65 


3 

s5 



MEY 

1997 

03 

10.86 


M 

9.2 

TI 

20 

L 

5 

48 


3.7 

4/ 



H0R02 

1997 

03 

11.46 


s 

9.6 

AA 

10.0 

B 


25 






SEA 

1997 

03 

11.77 


M 

9.8 

TI 

10 

B 


25 


3.5 

3/ 



ZNO 

1997 

03 

11.79 


3 

9.2 

AA 

11.0 

L 

7 

32 


4 

4 



VEL03 

1997 

03 

11.79 


S 

9.6 

AC 

25.4 

L 

5 

65 


2.5 

4/ 



MEY 

1997 

03 

11.84 


M 

9.1 

TI 

20 

L 

5 

48 


4 

4/ 



H0R02 

1997 

03 

11.85 


S 

10.6 

VB 

20 

R 

14 

90 


2.0 

3 


190 

SHA02 

1997 

03 

11.92 


S 

9.9 

AC 

25.3 

L 

6 

58 

ft 

3.2 

4 



PER01 

1997 

03 

11.92 


s 

10.2 

AC 

25.3 

L 

6 

58 

ft 

2.2 

4 



vrroi 

1997 

03 

11.93 

a 

s 

9.9 

NP 

25.3 

L 

6 

58 

ft 

3.2 

4 



PER01 

1997 

03 

11.93 

a 

s 

10.4 

NP 

25.3 

L 

6 

58 

ft 

2.2 

4 



vrroi 

1997 

03 

12.42 


s 

9.4 

AA 

10.0 

B 


25 






SEA 

1997 

03 

12.76 


M 

9.6 

TI 

10 

B 


25 


4 

4 



ZNO 

1997 

03 

12.81 


M 

9.1 

TI 

20 

L 

5 

48 


3.5 

4/ 



H0R02 

1997 

03 

12.82 


M 

9.6 

TI 

20 

L 

5 

48 


3.7 

4 



PLS 

1997 

03 

12.97 


M 

9.8 

AC 

25.3 

L 

6 

58 

ft 

3.2 

3/ 



PER01 
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Comet 81P/Wild 2 [cont.] 


DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 


COMA 

DC 

TAIL 

PA 

OBS. 

1997 

03 

12.97 

S 

9.7 

AC 

25.3 

L 

6 

58 

ft 

3.2 

3/ 



PER01 

1997 

03 

12.97 

S 

10.6 

VB 

30 

R 

18 

100 


1.6 

s3 



SHA02 

1997 

03 

16.09 

M 

9.9 

AC 

25.3 

L 

6 

58 

ft 

3 

3/ 



PER01 

1997 

03 

16.09 

S 

9.8 

AC 

25.3 

L 

6 

58 

ft 

3 

3/ 



PER01 

1997 

03 

21.96 

S 

10.7 

VB 

30 

R 

18 

170 


0.8 

3 



SHA02 

1997 

03 

22.81 

s 

9.9 

AC 

15.2 

L 

5 

42 


2.5 

2 



MOE 

1997 

03 

26.81 

s 

9.5: 

AC 

20.0 

L 

5 

70 


5 

2 



BAR06 

1997 

03 

26.94 

s 

10.2 

VB 

20 

R 

14 

90 


1.5 

3 



SEA02 

1997 

03 

27.17 

s 

9.8 

AA 

20.0 

T 

10 

64 


2.2 

3/ 



SPR 

1997 

03 

27.85 

s 

9.4: 

AC 

5.0 

B 


20 


5 

2/ 



BAR06 

1997 

03 

28.88 

M 

9.3 

NP 

44.5 

L 

5 

100 


2 

5 



SAN04 

1997 

03 

28.88 

M 

9.9 

NP 

44.5 

L 

5 

100 


1.5 

6 



MAR02 

1997 

03 

28.90 

s 

9.9 

AA 

15.0 

R 

8 

30 


2 

6 



DIE02 

1997 

03 

28.91 

s 

9.8 

VB 

20 

T 

10 

75 


1.7 

s4 



SHA02 

1997 

03 

29.84 

s 

9.8 

AC 

15.2 

L 

5 

42 


3 

2 



MOE 

1997 

03 

29.85 

M 

9.7 

NP 

21.0 

L 

6 

60 


1 

6 

2.0m 

70 

MAR02 

1997 

03 

29.85 

S 

10.5 

AA 

6.3 

R 

13 

52 


3 

2 



KOS 

1997 

03 

29.87 

S 

9.7 

AC 

25.3 

L 

6 

58 

ft 

3 

3 



PER01 

1997 

03 

29.87 

S 

10.1 

AC 

25.3 

L 

6 

58 

ft 

2 

4 



VIT01 

1997 

03 

30.82 

M 

9.7 

TI 

10 

B 


25 


2.5 

5 

0.08 

110 

ZNO 

1997 

03 

30.84 

M 

9.3 

TI 

20 

L 

5 

48 


2.8 

4/ 



H0R02 

1997 

03 

30.84 

S 

9.3 

AA 

11.0 

L 

7 

32 


6 

4 



VEL03 

1997 

03 

30.85 

M 

9.7 

TI 

20 

L 

5 

48 


3.5 

4 



PLS 

1997 

03 

30.85 

S 

8.9 

AA 

11.0 

L 

7 

32 


6 

4 



BAR06 

1997 

03 

30.86 

S 

9.0 

AA 

5.0 

B 


20 


5 

3 



BAR06 

1997 

03 

30.87 

s 

9.7 

VB 

20 

T 

10 

75 


2.0 

4 



SHA02 

1997 

03 

30.89 

s 

9.7 

GA 

15.6 

L 

5 

29 


4.0 

2/ 



BOU 

1997 

03 

30.94 

s 

9.5 

VB 

10 

B 


14 


2.8 

3 



SHA02 

1997 

03 

30.94 

s 

11.3 

HS 

30 

T 

10 

170 


1 

2 



G0L02 

1997 

03 

31.85 

s 

9.1 

AA 

5.0 

B 


20 


5 

3 



BAR06 

1997 

03 

31.86 

M 

9.9: 

NP 

21.0 

L 

6 

60 


3 

5/ 

2 . Om 

80 

MAR02 

1997 

03 

31.86 

s 

9.8 

GA 

25.4 

J 

6 

72 


3.0 

3/ 



BOU 

1997 

03 

31.87 

s 

9.4 

S 

20.3 

T 

10 

80 


2.3 

4/ 



KAM01 

1997 

03 

31.88 

s 

9.6 

AC 

25.3 

L 

6 

58 

ft 

2.2 

4 



PER01 

1997 

03 

31.88 

s 

9.9 

AC 

28.0 

T 

6 

68 


2.5 

3 



MOE 

1997 

03 

31.88 

s 

10.0 

AC 

25.3 

L 

6 

58 

ft 

0.8 

4 



VIT01 

1997 

03 

31.89 

s 

9.7 

VB 

20 

T 

10 

75 


2.7 

s4 



SEA02 

1997 

04 

01.80 

s 

9.6 

HD 

44.5 

L 

5 

146 


2.5 

s5 

0.4 

100 

SAR02 

1997 

04 

01.85 

s 

9.2 

AA 

11.0 

L 

7 

32 


6 

4 



BAR06 

1997 

04 

01.86 

s 

9.1 

AA 

11.0 

L 

7 

50 


5.5 

4 



BAR06 

1997 

04 

01.86 

s 

9.6 

S 

20.3 

T 

10 

80 


2.2 

4/ 

0.02 

100 

KAMOi 

1997 

04 

01.87 

s 

8.9 

AA 

5.0 

B 


20 


6 

3 



BAR06 

1997 

04 

01.87 

s 

9.7 

GA 

25.4 

J 

6 

58 


3.3 

3 



BOU 

1997 

04 

01.87 

s 

10.3 

AA 

15.0 

R 

8 

30 


1.5 

6 



DIE02 

1997 

04 

02.81 

M 

9.6 

TI 

10 

B 


25 


3 

4 

0.07 

105 

ZNO 

1997 

04 

02.83 

s 

9.2: 

AA 

5.0 

B 


20 


3 

2 



BAR06 

1997 

04 

02.86 

M 

9.7 

TI 

35 

L 

5 

66 


3 

3/ 

0.1 

120 

H0RO2 

1997 

04 

02.91 

E 

10.4 

NP 

30 

L 

5 

60 


3 

4 



NET 

1997 

04 

02.91 

S 

9.8 

HD 

44.5 

L 

5 

82 


5 

5/ 

0.3 

110 

SAR02 

1997 

04 

03.79 

S 

9.8 

HD 

6.0 

B 


20 


4 

2 



SAR02 

1997 

04 

03.79 

S 

9.9 

HD 

44.5 

L 

5 

82 


2 

s6 



SAR02 

1997 

04 

03.80 

S 

10.0 

HD 

6.0 

B 


20 


1 

0 



KIS02 

1997 

04 

03.83 

S 

9.3 

AA 

11 

L 

7 

32 


5 

3 



BAR06 

1997 

04 

03.86 

S 

9.5 

VB 

33 

L 

5 

45 


1.9 

3 



SHA02 

1997 

04 

03.86 

S 

10.3 

AA 

15.0 

R 

8 

30 


1.5 

6 



DIE02 

1997 

04 

04.83 

S 

9.3: 

AA 

5.0 

B 


20 


3 

2 



BAR06 

1997 

04 

04.88 

S 

9.6 

AC 

25.3 

L 

6 

58 

ft 

2.3 

3/ 



PER01 

1997 

04 

04.88 

s 

10.1 

AC 

25.3 

L 

6 

58 

ft 

1.3 

4 



TIT01 

1997 

04 

05.86 

M 

9.9 

NP 

21.0 

L 

6 

60 


1.5 

6 



MAR02 

1997 

04 

06.83 

S 

9.7 

S 

20.3 

T 

10 

80 


2.2 

4/ 



KAMOI 

1997 

04 

07.80 

M 

9.7 

TI 

10 

B 


25 


3 

4/ 

0.07 

100 

ZNO 

1997 

04 

07.85 

S 

9.7 

S 

20.3 

T 

10 

80 


2.1 

4 



KAMOI 

1997 

04 

07.86 

S 

10.0 

AC 

15.2 

L 

5 

42 


2.5 

3 



MOE 

1997 

04 

07.88 

E 

10.4 

NP 

30 

L 

5 

60 


3 

4/ 



NET 

1997 

04 

07.88 

M 

9.7 

GA 

25.4 

J 

6 

58 


3.0 

3/ 



BOU 
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Comet 81P/Wild 2 [cont.] 


DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 

04 

07.88 

S 

9.7 

VB 

33 

L 

5 

45 


1.8 

3 



SHA02 

1997 

04 

07.89 

S 

11.3 

HS 

30 

T 

10 

170 


1.5 

2 



G0L02 

1997 

04 

09.84 

s 

10.0 

AC 

15.2 

L 

5 

42 


2.5 

3 



MOE 

1997 

04 

09.89 

E 

10.4 

NP 

30 

L 

5 

60 


3 

4/ 



NEV 

1997 

04 

09.90 

s 

10.1 

VB 

20 

T 

10 

75 


1.4 

s3 



SHA02 

1997 

04 

10.89 

s 

10.2 

VB 

33 

L 

5 

75 


2.9 

3 



SHA02 

1997 

04 

11.21 

s 

9.9 

AC 

20.0 

T 

10 

125 


2.3 

3/ 



SPR 

1997 

04 

11.84 

s 

10.2 

TI 

10 

B 


25 


2 

2 



HYN 

1997 

04 

11.88 

s 

10.6 

VB 

30 

R 

18 

100 


1.8 

3 



SHA02 

1997 

04 

13.80 

M 

9.7 

TI 

10 

B 


25 


3 

4/ 

0.07 

105 

ZNO 

1997 

04 

23.89 

S [10.4 

VB 

20 

R 

14 

90 






SHA02 

1997 

04 

24.83 

S 

9.3 

VF 

20 

L 

5 

71 


5.3 

3 



BAR06 

1997 

04 

26.83 

S 

9.2 

VF 

20 

L 

5 

71 


8 

2 



BAR06 

1997 

04 

26.85 

S 

10.2 

AC 

15.2 

L 

5 

42 


2 

3 



MOE 

1997 

04 

27.22 

S 

10.3 

AC 

20.0 

T 

10 

125 


1.9 

2/ 



SPR 

1997 

04 

27.83 

S 

9.6: 

VF 

20 

L 

5 

71 

ft 

4 

2/ 



BAR06 

1997 

04 

28.83 

S 

9.6: 

VF 

20 

L 

5 

71 


5 

2 



BAR06 

1997 

04 

29.90 

S 

10.2 

AC 

25.3 

L 

6 

58 

& 

2 

2/ 



PER01 

1997 

04 

29.90 

S 

10.3 

AC 

25.3 

L 

6 

58 

& 

2 

3 



VIT01 


Comet 94P/Russell 4 


DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC TAIL 

PA 

OBS. 

1996 

11 13.83 

C 

19.2 

GA 

60.0 

Y 

6 

a240 

0.25 


295 

NAK01 

1997 

01 18.88 

C 

17.0 

GA 

60.0 

Y 

6 

a240 

0.55 

2.8m 

292 

NAK01 

1997 

02 04.84 

C 

16.7 

GA 

60.0 

Y 

6 

al20 

0.6 

2.1m 

291 

NAK01 

1997 

03 01.74 

C 

16.3 

GA 

60.0 

Y 

6 

al20 

0.6 

3.3m 

288 

NAK01 

1997 

03 11.71 

C 

16.1 

GA 

60.0 

Y 

6 

al20 

0.85 

3 . 6m 

287 

NAK01 


Comet 96P/Machliolz 1 


DATE 

(UT) 

H-MM MAG. 

RF 

AP. 

T F/ 

PWR COMA 

DC TAIL PA OBS. 

1996 

08 13.70 

S[ll : 

AA 

20 

L 

8 

83 

C0002 

1996 

08 31.74 

S[ll : 

AA 

20 

L 

8 

83 

C0002 


Comet iOOP/Hartley 1 


DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T F/ 

PWR 

COMA 

DC TAIL PA 

OBS. 

1997 

01 18.85 

C 

19.1 

GA 

60.0 

Y 

6 

a240 

0.35 

0.9m 297 

NAK01 

1997 

01 19.87 

C 

19.1 

GA 

60.0 

Y 

6 

a240 

0.35 

0.8m 293 

NAK01 

1997 

02 04.85 

c 

18.4 

GA 

60.0 

Y 

6 

a240 

0.4 

1.8m 289 

NAK01 

1997 

03 05.71 

c 

16.9 

GA 

60.0 

Y 

6 

a240 

0.5 

2.4m 285 

NAK01 

1997 

03 11.77 

c 

16.9 

GA 

60.0 

Y 

6 

a 120 

0.6 

295 

NAK01 


Comet 109P/Swift-Tuttle 


DATE 

(UT) 

N 

MM 

MAG. 

RF 

AP. T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1992 

11 12.82 


S 

5.2 

AE 

5.0 B 


10 

4.5 

6/ 



DOH 

1992 

11 13.78 


S 

4.9 

AE 

5.0 B 


10 

4 

6/ 

0.5 

32 

DOH 

1992 

11 18.90 


s 

4.8 

AE 

5.0 B 


10 

4 

6/ 

0.33 

42 

DOH 

1992 

11 20.72 


s 

5.1 

AE 

5.0 B 


10 

3.7 

6/ 

0.33 

42 

DOH 

1992 

11 23.83 


s 

5.0 

AE 

5.0 B 


10 

3.5 

6 

0.5 

45 

DOH 

1992 

11 26.73 


s 

4.9 

AE 

5.0 B 


10 

3,5 

6 

0.42 

54 

DOH 

Comet 118P/Shoemaker-Levy 4 









DATE 

(UT) 

N 

MM 

MAG. 

RF 

AP. T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1996 

12 28.78 


s 

12.9 

AC 

25.4 L 

5 

104 

1.0 

3 



MEY 

1997 

01 06.84 


s 

12.4 

AC 

25.4 L 

5 

104 

1.2 

3/ 



MEY 

1997 

01 12.86 


s 

12.8 

AC 

25.4 L 

5 

104 

1.1 

2/ 



MEY 

1997 

01 25.74 


s 

13.0: 

HS 

35 L 

5 

237 

1 

2/ 



H0R02 

1997 

01 26.76 


s 

12.8 

AC 

25.4 L 

5 

104 

0.8 

3 



MEY 

1997 

01 30.43 


c 

13.1 

GA 

60.0 Y 

6 

al20 

2.5 



70 

NAK01 

1997 

02 01.78 


s 

12.9 

AC 

25.4 L 

5 

104 

1.0 

2/ 



MEY 

1997 

02 01.84 


M 

13.5 

HS 

35 L 

5 

158 

0.8 

3 



HOR02 



April 

1997 
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Comet 118P/Shoemaker“Levy 

4 

[cont .] 








DATE 

(UT) 

N MM 

MAG. 

RF 

AP. 

T 

F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 

02 

01.89 

S 

13.1 

AC 

25.4 

J 

6 

115 

0.9 

1 



BOU 

1997 

02 

02.75 

M 

12.7: 

HS 

35 

L 

5 

104 

1.6 

2/ 



PLS 

1997 

02 

02.75 

M 

12.8 

HS 

35 

L 

5 

104 

1.5 

3 



HOR02 

1997 

02 

02.86 

S 

13.3: 

VB 

30 

R 

18 

170 

0.7 

3 



SHA02 

1997 

02 

03.46 

S 

12.8 

GA 

25.4 

L 

4 

71 





SEA 

1997 

02 

05.86 

B 

13.0 

HS 

25.6 

L 

5 

42 

1.5 

5 



BIV 

1997 

02 

06.79 

M 

12.7 

HS 

35 

L 

5 

104 

1.4 

3 



HOR02 

1997 

02 

06.80 

S 

13.7: 

HS 

25.4 

L 

6 

104 

1 

4 



SAR02 

1997 

02 

07.75 

S 

13.2 

HS 

44.5 

L 

5 

230 

0.7 

3/ 



SAR02 

1997 

02 

07.78 

s 

12.9 

AC 

25.4 

L 

5 

104 

1.2 

2 



MEY 

1997 

02 

07.92 

a S 

12.9 

AC 

25.4 

J 

6 

88 

1.4 

1/ 



BOU 

1997 

02 

07.93 

S 

13.5: 

VB 

33 

L 

5 

100 

1.3 

2 



SHA02 

1997 

02 

07.97 

S 

14.2: 

VB 

30 

R 

18 

170 

0.7 

1 



SHA02 

1997 

02 

08.79 

S 

13.4 

HS 

44.5 

L 

5 

230 

0.5 

2 



SAR02 

1997 

02 

08.79 

S 

13.5 

HS 

44.5 

L 

5 

230 





BAKOi 

1997 

02 

08.89 

S 

12.5 

NP 

44.5 

L 

5 

100 

1 

2 



MAR02 

1997 

02 

08.89 

S 

12.7 

NP 

44.5 

L 

5 

100 

2 

1 



SAH04 

1997 

02 

09.51 

c 

13.3 

GA 

60.0 

Y 

6 

al20 

2.2 




NAK01 

1997 

02 

09.94 

s 

12.9 

AC 

25.4 

L 

5 

104 

1.1 

2 



MEY 

1997 

02 

10.82 

s 

13.5: 

VB 

30 

R 

18 

290 

0.3 

2 



SHA02 

1997 

02 

10.91 

a S 

13.0 

AC 

25.4 

J 

6 

88 

1.4 

1 



BOU 

1997 

02 

14.78 

M 

12.7 

HS 

35 

L 

5 

237 

0.7 

2 



H0R02 

1997 

02 

14.79 

S 

12.6 

HS 

35 

L 

5 

237 

0.7 

1/ 



PLS 

1997 

02 

24.44 

C 

13.6 

GA 

60.0 

Y 

6 

al20 

1.75 


2 . 8m 

94 

NAK01 

1997 

02 

25.85 

S 

14.1 

VB 

30 

R 

18 

290 

0.7 

3 



SHA02 

1997 

02 

28.77 

M 

13.0 

HS 

35 

L 

5 

158 

0.9 

2 



H0R02 

1997 

03 

01.78 

S 

13.5 

HS 

35 

L 

5 

237 

0.5 

3 



H0R02 

1997 

03 

01.83 

S 

13.1: 

AC 

25.4 

L 

5 

104 

1.1 

1 



MEY 

1997 

03 

02.92 

S [13.5 

VB 

30 

R 

18 

290 





SHA02 

1997 

03 

05.78 

M 

13.3 

HS 

35 

L 

5 

237 

0.8 

2/ 



H0R02 

1997 

03 

07.77 

S 

13.3 

HS 

35 

L 

5 

237 

0.8 

1/ 



H0R02 

1997 

03 

07.78 

M 

13.2 

HS 

35 

L 

5 

237 

0.6 

3 



PLS 

1997 

03 

07.81 

S 

14.5 

HS 

44.5 

L 

5 

230 

1 

2/ 



SAR02 

1997 

03 

07.81 

S 

14.6 

HS 

44.5 

L 

5 

230 

1 

5 



BAKOI 

1997 

03 

07.81 

s 

14.6 

HS 

44.5 

L 

5 

230 

1 

5 

0.03 

90 

SZE02 

1997 

03 

08.83 

s 

13.7 

HS 

44.0 

L 

5 

156 

0.3 

3 



HAS02 

1997 

03 

10.79 

s 

13.2 

HS 

35 

L 

5 

237 

0.9 

1/ 



H0R02 

1997 

03 

10.81 

s 

13.3 

AC 

25.4 

L 

5 

104 

0.8 

2 



MEY 

1997 

03 

11.79 

s 

13.3: 

HS 

35 

L 

5 

158 

0.8 

1/ 



H0R02 

1997 

03 

12.80 

s 

13.1 

HS 

35 

L 

5 

158 

1.2 

1/ 



H0R02 

1997 

03 

12.81 

M 

12.9 

HS 

35 

L 

5 

158 

0.8 

3 



PLS 

1997 

03 

31.88 

s 

13.8: 

VB 

20 

T 

10 

135 

0.5 

2 



SHA02 

1997 

04 

01.84 

s 

14.5: 

HS 

44.5 

L 

5 

230 

0.5 

3 



SAR02 

1997 

04 

02.85 

s 

13.2: 

HS 

35 

L 

5 

237 

0.7 

2 



H0RO2 

1997 

04 

02.92 

S [13.5 

HS 

44.5 

L 

5 

230 

0.5 




SAR02 

1997 

04 

09.88 

S [13.8 

VB 

20 

T 

10 

135 





SHA02 

Comet 121P/Shoemaker-Holt 

2 










DATE 

CUT) 

N MM 

MAG. 

RF 

AP. 

T 

F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 

01 

31.66 

C 

14.9 

GA 

60.0 

Y 

6 

al20 

1.5 


2.2m 254 

NAK01 

1997 

02 

02.90 

S 

14.3 

HS 

35 

L 

5 

237 

0.7 

2/ 



H0R02 

1997 

02 

07.04 

s 

13.7 

HS 

44.5 

L 

5 

230 

0.8 

5 



BAKOI 

1997 

02 

07.04 

s 

14.5: 

HS 

44.5 

L 

5 

230 

1 

3 



SAR02 

1997 

02 

07.19 

s 

13.9: 

HS 

35 

L 

5 

237 

1 

3 



H0R02 

1997 

03 

01.69 

c 

14.8 

GA 

60.0 

Y 

6 

al20 

1.3 


1.7m 251 

NAK01 

1997 

03 

01.82 

s 

13.8: 

HS 

35 

L 

5 

237 

0.5 

2 



H0R02 

1997 

03 

04.81 

s 

14.1 

HS 

35 

L 

5 

237 

0.7 

2 



H0R02 

1997 

03 

04.85 

s 

9.5 

AC 

10.0 

B 


25 

1.3 

4 



HAS02 

1997 

03 

05.82 

s 

13.9 

HS 

35 

L 

5 

158 

0.7 

2/ 



H0R02 

1997 

03 

07.83 

s 

13.9 

HS 

35 

L 

5 

237 

0.9 

2 



H0R02 

1997 

03 

07.84 

s 

13.9 

HS 

35 

L 

5 

237 

0.8 

1/ 



PLS 

1997 

03 

07.98 

s 

14.5 

HS 

44.5 

L 

5 

230 

0.5 

6 



SAR02 

1997 

03 

07.98 

s 

14.7 

HS 

44.5 

L 

5 

230 

0.4 

8 



SZE02 

1997 

03 

07.98 

s 

14.9 

HS 

44.5 

L 

5 

230 

0.5 

s6 
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Comet 121P/Shoemaker-Holt 2 [cont.] 


DATE (UT) N 

MM MAG. 

RF 

AP. T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

DBS. 

1997 03 08.83 

S 14.1 

HS 

44.0 L 

5 

156 

0.6 

3 



HAS02 

1997 03 08.99 

S 14.6 

HS 

44.5 L 

5 

230 

0.7 

3 



SAR02 

1997 03 08.99 

S 14.6 

HS 

44.5 L 

5 

230 

1 

5/ 



BAK01 

1997 03 10.84 

S 14.6 

HS 

35 L 

5 

237 

0.6 

2/ 



H0R02 

1997 03 11.65 

C 15.0 

GA 

60.0 Y 

6 

al20 

1.0 


1.8m 

240 

NAK01 

1997 03 11.83 

S 14.0 

HS 

35 L 

5 

237 

0.9 

1/ 



H0R02 

1997 03 12.93 

S 14.4 

HS 

35 L 

5 

237 

0.8 

1 



H0R02 

1997 04 02.92 

S 13.7 

HS 

44.5 L 

5 

230 

1 

3/ 



SAR02 

Comet 122P/de Vico 










DATE (UT) N 

MM MAG. 

RF 

AP. T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1995 10 03.78 

B 5.8 

AA 

20.0 C 

9 

60 

2.6 

8 

0.9 

295 

NAG04 

1995 10 06.80 

B 5.6 

S 

20.0 C 

9 

60 


7 

1.2 

300 

NAG04 

1995 10 09.81 

B 5.6 

S 

10.0 R 

4 

20 

2.3 

7 

<1.0 


NAG04 

1995 10 25.18 

S 6.0: 

SC 

6.0 R 

10 

30 

6 




MAN01 

1995 11 04.84 

B 7.9 

S 

15.0 B 


25 

3.9 

3 



NAG04 

Comet 126P/IEAS 











DATE (UT) N 

MM MAG. 

RF 

AP. T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1996 12 28.40 

C 14.3 

GA 

60.0 Y 

6 

al20 

1.2 




NAK01 

1997 01 12.43 

C 14.2 

GA 

60.0 Y 

6 

al20 

1.9 


2.1m 

77 

NAK01 

1997 01 30.42 

a C 15.0 

GA 

60.0 Y 

6 

al20 

1.3 


2.3m 

69 

NAK01 

1997 02 09.43 

C 15.0 

GA 

60.0 Y 

6 

al20 

1.1 



62 

NAK01 

1997 02 24.42 

a C 15.3 

GA 

60.0 Y 

6 

al20 

1.0 




NAK01 

1997 03 08.80 

S[14.0 

HS 

44.0 L 

5 

222 





HAS02 

Comet P/1997 B1 

(Kobayashi) 









DATE (UT) N 

MM MAG. 

RF 

AP. T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 02 04.75 

— C 17.5 

GA 

60.0 Y 

6 

a240 

0.3 

8/ 

0 . 6m 

290 

NAK01 

1997 02 09.69 

C 17.4 

GA 

60.0 Y 

6 

a240 

0.4 

8 

0 . 6m 

295 

NAK01 

1997 02 27.62 

C 17.6: 

GA 

60.0 Y 

6 

a240 

0.4 

8 

1.0m 297 

NAK01 

Comet P/1997 Cl 

(Gehrels) 










DATE (UT) N 

[ MM MAG. 

RF 

AP. T F/ 

PWR 

COMA 

DC 

TAIL 

PA 

OBS. 

1997 02 04.71 

C 17.4 

GA 

60.0 Y 

6 

•a240 

0.55 


1.3m 

291 

NAK01 

1997 02 09.66 

C 17.9 

GA 

60.0 Y 

6 

a240 

0.6 


1.5m 290 

NAK01 

1997 02 24.45 

C 18.4 

GA 

60.0 Y 

6 

a240 

0.45 


1.2m 

298 

NAK01 

1997 03 01.60 

C 18.4 

GA 

60.0 Y 

6 

a240 

0.45 


1.1m 

298 

NAK01 

1997 03 05.56 

C 18.4 

GA 

60.0 Y 

6 

a240 

0.4 


i.9m 

294 

NAK01 


o o o 


Below: two drawings of comet C/1996 B2 (Eyakutake) by Martin Lehky at Hradcc Kralore, Czech 
Republic, as seen through a 42-cm f/S L ( 75x ), on 1996 Mar. 25.94 (left) and Mar. 27.81 (nght). 



ICARUS 124, 651-662 ( 1996 ) 
ARTICLE NO. 0239 
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We present an analysis of 1- to 5-/um, near-infrared broad- 
band images of Comet P/Halley 1986 III covering a 10 4 -km 
square region of the inner coma obtained on three consecutive 
nights in 1986 March during post-perihelion passage. In all 
images, the coma is extended in the sunward direction and 
appears distinctly non-spherical, similar to morphology in the 
10-ftm made by Hayward et al (1987) 3.0 days later during 
the Giotto encounter. Marked variation in the coma’s overall 
structure and brightness also was apparent, including the pres- 
ence of a jet feature which we associate with a short-term 
outburst of material from the comet nucleus. The observed 
coma surface brightness dependence upon nucleocentric dis- 
tance (r) at all wavelengths in both the comet dust tail and in 
the jet deviates from the dependence predicted by the “steady 
state” model for comet nucleus ablation, with the radial de- 
crease in surface brightness being slower than r~ l on the jet 
side of the nucleus and faster that r -1 on the tail side. The 
near-infrared colors of the coma are not constant as a function 
of nucleocentric distance, suggesting that the grain properties 

1 Visiting astronomer at the Infrared Telescope Facility, operated by 

the University of Hawaii, under contract from the National Aeronautics 

and Space Administration. 


are not uniform across the coma. Based on an elementary 
dynamical analysis of the trajectories of dust particles ablated 
from the nucleus we argue that these observations may be 
consistent with the hypothesis that particles emitted in jets 
fragments in the outflow on time scales of a few hours. © 1996 

Academic Press, Inc. 


I. INTRODUCTION 

Infrared images of comets convey valuable information 
about the spatial distribution within the inner coma and 
tails of dust grains with various physical properties (e.g., 
Hanner and Tokunaga 1991 , Campins et al 1989 ). At wave- 
lengths shortward of 2 jiim, the observed light is primarily 
sunlight scattered by dust grains, while at longer wave- 
lengths, thermal emission from the dust dominates the 
radiation. In addition, at near-infrared wavelengths many 
comets generally do not exhibit strong gaseous emission 
bands (Johnson et al 1983 ), unlike the visual and ultravio- 
let spectral regions. Observations by Maillard et al. ( 1987 ) 
show that there were no such infrared emission lines in 
Comet P/Halley 1986 III. Thus, the imaging of comets in 
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1986 March 9.7 UT 

log (J brightness) jog (K brightness) log (M brightness) 





FIG. 1. Near-infrared images of Comet P/Halley 1986 III. The images are logarithm-scaled with contours at equal intervals. These images have 
been interpolated onto a grid of 63 x 63 pixels, each of which is 0.2 V square (one-half the size of the original image pixels). The field of view is 
13.2 X 13.2 arcsec. There is more than one image for each wavelength in some cases, to include data available beyond the 13.2 X 13.2 arcsec area, 
(a) 1986 March 9.7 UT (at 7, AT, and Af ). (b) 1986 March 10.7 UT (at /, 7/, K t 3.3, L\ and A/'), (c) 1986 March 11.7 UT (at K, and L'). 


the infrared can be a powerful method of studying spatial 
variations in the optical properties of the dust. 

In particular, it is important to understand in detail what 
types of grains populate comet jets, classical dust tails, and 
anti-tails and how these structures are oriented with respect 
to the nucleus, the direction of the solar radiation field, 
and the projected orbital motion for a given comet. Such 
studies can yield important information about: the physical 
process of the ablation of comet nuclei; how grains of 
various sizes and compositions behave in the solar vicinity 
after their ablation from the nucleus; and the nature of 
the grains frozen into the nuclei during the formation of 
the primitive solar system. Among the grain properties that 
can be investigated with infrared techniques are scattered 
radiation, thermal emission, and albedo (see Gehrz and 
Ney 1992). 

In this paper we present high-resolution 1- to 5-/xm 
broadband images of P/Comet Halley 1986 III (hereafter 
referred to simply as P/Halley) taken in 1986 March and 
discuss the results of some simple model analyses. Dynami- 
cal studies of the trajectories of dust grains in the coma of 
P/Halley suggest that particles ablated from the nucleus 
are produced in a jet similar to those seen in the Giotto 
spacecraft images, and can produce the sunward extension 
of the coma observed near-infrared surface brightness. 

II. OBSERVATIONS 

The JHKL/M' and [3.3-^m] broadband observations of 
P/Halley were obtained at the NASA IRTF 3-m telescope 
on Mauna Kea, Hawaii on 1986 March 9.7, 10.7, and 11.7 
UT, using the University of Rochester’s 32 x 32 InSb 
infrared array camera. The observational epoch was ap- 
proximately 30 days after perihelion passage (1986 Febru- 


ary 9.5 UT) and three days before closest approach by 
the Giotto spacecraft. The observing techniques and data 
reduction procedures for this camera are described in For- 
rest et al. (1985) and Woodward (1987). The image pixel 
scale (0.427pixel) and rotation angle of the camera were 
calibrated using star pairs and star trails (obtained with 
the telescope drive switched off) as described in Forrest 
et al (1986). A reference field for blank-sky background 
images was chosen 1000" south of the comet nucleus. 
Seeing varied from night to night; the average FWHM of 
star images at K was 1.0", 1.0", and 1.3" on March 9.7, 10.7, 
and 11.7 UT, respectively. The comet’s heliocentric and 
geocentric distances were 0.9 and 1.1 AU, respectively, 
while the phase angle at the time of these observations 
was =60°. The image scale was ^300 km/pixel with this 
geometry. Repeated observations of the standard star BS 
7754 were used to derive a flux density calibration. We 
estimate an overall uncertainty of ±10% in the derived 
flux levels. This error estimate includes both systematic 
and photometric effects. 

In order to take full advantage of the spatial resolution 
obtainable from multiple images taken at different posi- 
tions for each wavelength, images were shifted and interpo- 
lated onto a 63 X 63 pixel grid before combining into the 
final mosaics. Small background variations observed in 
individual raw images (most likely due to the brightening 
morning twilight) were corrected by applying uniform off- 
sets to each image before forming mosaics. These offsets 
were chosen such that they averaged to zero. The resulting 
63 X 63 mosaics are presented in Figs, la through lc. Solar 
illumination is from a position angle of 78° east of north (as 
indicated on the figures) and the projected comet velocity is 
toward a position angle of 241°. Distinct changes in the 
small-scale morphology are seen from night to night, and 
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all images are asymmetric about the nucleus. This is hardly 
surprising, as spectacular variations were also seen in opti- 
cal images obtained on the preceding four nights (Jewitt 
1991). 

III. DISCUSSION 
A. Spatial Morphology 

The overall near-infrared morphology of the inner coma 
of P/Halley observed on each of the three nights (1986 
March 9.7, 10.7, and 11.7 UT) varied, as can be seen by 
comparing the images made on the three nights at J (1.23 
p m) and K (2.23 /un). All of the near-infrared images are 
asymmetric about the nucleus and show an extension at 
position angles (measured east of north) that varied with 
time (~90° on March 9.7 UT; -115° on March 10.7 UT; 
« 50° on March 11.7 UT). Hayward et ai (1987) obtained 
a 10-^rn image on 1986 March 13.7 UT that exhibits a 
similar spatial morphology as that seen in our 1986 March 
9.7 UT image (Fig. lb; Fig. 4a). This feature is pointed 
about 40° southeast of the direction to the sun, and would 
at first glance appear to be an anti-tail similar to the one 
observed by Ney (1974a, 1974b) in Comet Kohoutek 1973 
XII. Ney showed that the anti-tail had a smooth, featureless 
continuum energy distribution with no superheat (for a 
rigorous definition of superheat, see Gehrz and Ney 1992), 
and concluded that it was composed of dust grains larger 
than a few 10’s of micrometers in radius. We argue below 
on dynamical grounds that it is difficult to understand how 
the extension we observed in Comet P/Halley could be 
produced by grains nearly as large as those in the anti-tail of 
Kohoutek, and that it is more probable that the extension is 
produced by emission from a jet of rather small particles. 
We refer to this feature hereafter as "the jet.” 

Our data set suggests that the jet apparently persisted 
in the same general spatial direction for a period of 48 hr 
from 1986 March 9.7 through 11.7 UT, and it pointed to- 
ward the sunward direction as did the jet observed on 1986 
March 13.7 UT by Hayward et ah (1987). In view of this 
behavior, it seems unlikely that the jet seen during March 
9.7-11.7 UT emanated from a single jet that was subject 
to the diurnal affects associated with a short rotation pe- 
riod. P/Halley’s nucleus is believed to be tumbling in space, 
with periods between 2.2 to 7.4 days (Larson et ah 1987, 
Millis and Schleicher 1986). It seems likely that the direc- 
tion of the jet would have changed substantially had the 
2.2 days period been involved. Indeed computer enhanced 
visible CCD images obtained during the same period (Lar- 
son et ai 1987) covered by our infrared images suggest 
that the near-nuclear structure of the comet changed daily 
due to activity from one or more jets. The jets that are 
apparent in the near-infrared images could have been emit- 
ted from an area on a polar region the nucleus that is 
inertially pointed toward the sun for long periods of time. 


Alternatively, there may be several spots on the nucleus 
that emit jets located in such a way that the effects of 
rotation are difficult to discern. 

B. Surface Brightness Distribution 

The radiai and azimuthal infrared surface brightness 
variations derived from our images can be used to test 
models of dust grain production from cometary nuclei. If 
the rate of grain production from the nucleus is constant 
(i.e., steady-state) and spherically symmetric and if the 
coma optical depth is everywhere much less than unity, 
then standard models (cf. Gehrz and Ney 1992) predict 
that the surface brightness of the coma will fall off as r~ x 
(where r is the nucleocentric distance). The inner coma 
brightness profile of P/Halley has exhibited this behavior 
at some epochs (Gehrz and Ney 1992, Reitsema etal 1989); 
other comets often exhibit this behavior as well (Campins 
et al 1989). When solar radiation pressure becomes im- 
portant, the azimuthally-averaged surface brightness pro- 
file varies as r" 1,5 (cf., Jewitt 1991). 

In order to describe the shapes of the brightness profiles, 
we define the logarithmic derivative m = d log B(r)!d log 
r, where B(r) is the radial surface brightness profile and 
r is the projected angular distance from the photocenter 
of the image. Our assumption above of a steady-state, 
isotropic outflow yields m = - 1 , while the radiation pres- 
sure dominated case gives m = —1.5. Integrating the sur- 
face brightness over a circular aperture of angular radius 
r, we obtain the integrated brightness B’(r) y with a logarith- 
mic slope of m } = d log B'(r)ld log r - m 4- 2. Thus, the 
steady-state, isotropic model predicts m T = 1; while the 
radiation-dominated pressure case predicts m’ = 0.5, 

In Table I, we present the integrated surface brightness 
as a function of increasing aperture size centered on the 
nucleus obtained from the images shown in Figs, la 
through lc. These results are plotted in Figs. 2a through 
2c. For the March 9.7 UT images the integrated brightness 
closely follows a slope of m f = 1, in agreement with the 
steady-state, isotropic grain production model. This is in 
agreement with the results of multi-aperture photometry 
of this comet obtained with a single detector (Gehrz and 
Ney 1992). On the following night, the slope increased 
slightly ( m f ~ 1.1) and considerably more on the third 
night (m' ** 1.5). On each of the three nights, all the 
wavelengths observed show the same slope. The slopes of 
integrated brightness on the last two nights suggest surface 
brightness profiles with m -0.9 and -0.5, respectively 
(averaged over all azimuth angles). These represent more 
uniform distributions of surface brightness (i.e., less 
peaked) than the predicted B °c r~ l steady-state iso- 
tropic model. 

This trend in slopes inferred from the aperture photome- 
try can be explained by deviation from a steady-state out- 
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TABLE I 

Observational Summary of Image Data for Comet P/Halley 1986 III 


A 

FILTER (/Jin) 

AA 

him) 

1986 

UT DATE 

UT TIME OF 
OBSERVATONS 
(hr:min) 

INTEGRATED MAGNITUDE IN 
A SYNTHETIC APERTURE a 
3.2" 4.0" 5.0" 6.3" 7.9" 

10.0" 

J 

1.23 

0.23 

March 09 

16:28-16:33 

7.55 

7.29 

7.04 

6.79 

6.54 

6.31 




March 10 

16:22-16:23 

8.12 

7.83 

7.55 

7.27 

6.97 

6.68 

ff 

1.65 

0.32 

March 10 

16:25-16:26 

7.44 

7.15 

6.87 

6.59 

6.29 

5.99 

K 

2.23 

0.41 

March 09 

16:20-17:08 

6.76 

6.48 

6.22 

5.96 

5.70 

5.45 




March 10 

16:12-16:17 

7.16 

6.86 

6.59 

6.31 

6.02 

5.74 




March 11 

16:36 16:41 

8.66 

8.28 

7.91 

7.55 

7.18 

6.83 

3.3 

3.26 

0.20 

March 10 

16:28-16:30 

5.35 

5.06 

4.78 

4.50 

4.20 

3.91 

V 

3.81 

0.63 

March 10 

16:32 18:12 

4.33 

4.03 

3.75 

3.46 

3.15 

2.86 




March 11 

16:55-18:24 

5.79 

5.43 

5.07 

4.70 

4.32 

3.94 

M’ 

4.67 

0.18 

March 09 

16:36-16:41 

2.32 

2.06 

1.83 

1.60 

1.38 

1.18 




March 10 

16:35-16:41 

2.76 

2.47 

2.20 

1.92 

1.64 

1.36 


0 Integrated magnitudes measured in an octagonal box with given diameter. The diameters were chosen to give 
0.25 mag decrease per aperture for a r~' brightness law (see text). 


flow. As shown in Table I, the integrated ^f-band flux 
within the central 3.2" dropped by 0.4 mag between the 
first two nights (1986 March 09.7 UT and March 10.7 UT), 
and by an additional 1.6 mag on the following night (1986 
March 11.7 UT). This drop in integrated surface brightness 
likely corresponded to a reduction in the dust production 
rate and thus to the decreasing slopes in the brightness 
distributions shown in Figs. 2a through 2c. 

Variations in the level of activity during 1986 March 09 
UT-12 UT also were recorded in observations at other 
wavelengths. The count rates of the IUE fine error sensor 
(FES) declined by a factor of 2.5 from 1986 March 9.6 UT 
to 11.6 UT (Festou et al. 1986, Feldman et al. 1987). Most 
of the signal is due to C 2 and continuum emission in a 
12" X 12" area centered on the comet coma. Spectra ob- 
tained with the LWP camera of IUE over this same 3- 
day period showed that the brightness of the CS (0 — 0) 
molecular feature decreased by a factor of =3 (Festou 
et al. 1986). The IUE observations suggest that the dust 
production rate of P/Halley diminished over the temporal 
epoch covered by our observations. The 10-jU.m observa- 
tions of Hanner et al. (1987a, 1987b) also suggest that dust 
emission rates and particle sizes present in the coma varied 
rapidly, on timescales of 3 to 7 days, during this same 
period in March 1986 UT. 

A high production rate of C 2 on 1986 March 10.3 also was 


observed in a 78 arcsec aperture by Millis and Schleicher 
(1986). The rate on March 10.3 (log Q « 27.5) is about 
twice that observed on either 1986 March 9.3 or 1986 March 
11.3, and a factor of three times larger than that observed 
on 1986 March 12.3. Indeed, the production rate of C 2 
observed on March 10.3 corresponds to the first of two 
maxima in one period of the 7.4 days rotation rate of the 
nucleus proposed by Millis and Schleicher (1986) spanned 
by our infrared observations. Their data also indicate that 
the overall production rate of C 2 was steadily decreasing 
during this epoch. The variation in the observed near- 
infrared brightness measured from our images (Table I) 
also shows a similar temporal decline. 

C. The Jet 

The integrated flux in P/Halley’s coma on 1986 March 
9.7 and 10.7 UT, for circular diaphragms of diameter D 
centered on the nucleus (effectively averaging over all azi- 
muthal angles), is proportional to D ' (Table I). However, 
there is a wealth of detailed information in the azimuthal 
structure of the original images that is difficult to display 
in a gray-scale image due to the large dynamic range of 
the images. A close analysis of the surface brightness distri- 
bution of the near-infrared images of P/Halley (Fig. 3) 
shows that the radial surface brightness distribution of the 
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FIG. 2. Integrated surface brightness from images in Fig. 1. These were calculated using summed signal within octagonal apertures centered 
on the nucleus (see Table I). Aperture diameters were selected to give 0.25 mag decrease per aperture for r _1 surface brightness distribution (see text), 


inner coma in the sunward and anti-sunward directions on 
1986 March 10.7 UT deviates in detail at all near-infrared 
wavelengths from that predicted by the standard model. 
Specifically, the radial decrease in surface brightness is 
considerable shallower than r 1 on the jet side (east) of 
the nucleus and steeper than on the opposite (tail) side 
(west). These two gradients compensate for one another 
when the total flux is integrated within circular diaphragms 
centered on the nucleus. The resulting multi-aperture pho- 
tometry (cf., Gehrz and Ney 1992), while presenting a 
generally valid indication of the integrated mass-loss char- 
acteristics of the nucleus, can lead to a misleading picture 
of the detailed surface brightness distribution within the 
coma. 

The relatively flat surface brightness gradient on the jet 
side of the nucleus, compared to the r" 1 law requires either 
that the distribution of dust grain sizes changes with 
nucleocentric distance from the nucleus, or the outflow 
velocity is not constant with nucleocentric distance. Analy- 
sis of the color gradients in Section III.E strongly implicate 
changes in grain size. Explanations for a change in grain 
size with radius fall into two broad categories. In one sce- 
nario, grains of different size are leaving the nucleus at 


different velocities. Large grains, for example, may leave 
the nucleus at a slightly slower rate, causing a change in the 
ratio of large to small grains with nucleocentric distance. 
In the other scenario, the grains could be fragmenting to 
smaller grain size as they move out into the coma. Theoreti- 
cal calculations suggest that the grains that fragment will 
do so within a few hundred kilometers of the nucleus, 
below the spatial resolution of our images (Combi 1994, 
Konno et al 1993). Based on these calculations, we should 
see no effect as the grains would be fully fragmented out- 
side of the inner resolution element of images. Nonethe- 
less, the grain fragmentation model is sufficient appealing 
that we will investigate its consequences if fragmentation 
can take place over longer time scales than recent theoreti- 
cal work predicts. 

In our grain fragmentation scenario, we assume that the 
total mass of material released from the coma in the form 
of solids remains constant in the outflow. An elementary 
argument suffices to demonstrate that the light scattering 
and thermal emission efficiency of a given mass of ejected 
solids increases under certain conditions in this scenario. 
Consider a mass M of ejected solid material with uniform 
density that is divided into a total of n spherical particles, 
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FIG. 3. Surface brightness profiles of Comet P/Haliey 1986 III. These profiles represent cuts through the images in Fig. 1 in the sunward 
direction (PA = 78°) and in the anti-sunward direction (PA = 258°). 
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each with constant density r and radius a(/?), where 
a(n) = [(3l(47r)MI(nr)] U3 and n = 1 denotes the special 
case when the material is concentrated in a single large 
object. In this case, the total scattered radiation and ther- 
mal emission from this material respectively will be propor- 
tional to L {sm) oc Q <;i4l) n[a(n)} 2 cc Q {sm) [ mlr] 2l3 n U3 , where 
Q( sm ) are the Planck mean scattering and absorption cross 
sections of the grains. 

An examination of Gilman's (1974) calculations shows 
that Q {St a) » 1 for particles with radii on the order of or 
larger than a{n) « A = 1 /xm, and Q M a(n)T 2 gr for 
particles smaller than a{n) (A/277) 0.2 /xm, where T gr 

is the grain temperature. Since n (mia 3 ), n 1/3 oc a~\ the 
scattering/emission efficiency of a given mass of material 
rises strongly as particles with radii in the range 1 to 10 
/xm break up into particles with radii as small as 0.5 to 1.0 
/xm. The Q^) « a{n) T\ r dependency cancels the n U3 cc 
a~ ] dependency as the particles disintegrate further to sub- 
micrometer sizes, so that the scattering/emission efficiency 
no longer increases with further size reduction. 

When the grain fragments, the emissivity drops at near 
infrared wavelengths, hence the grain temperature will 
increase to compensate (i.e., superheat). Thus, the emis- 
sion at L ' and AT will rise with the shift in the blackbody 
curve to shorter wavelengths, assuming that the grain al- 
bedo at visual wavelengths (where the bulk of the solar 
radiation is absorbed) remains essentially unchanged. At 
Sun-comet (heliocentric) distances of ^1 AU, this 
amounts to a 15 to 20% effect at 3.8 and 5 /xm, assuming 
the grains were not perfect blackbody radiators to begin 
with. Thus, grain fragmentation can explain the slow drop 
in surface brightness with radial distance both in the scat- 
tering and thermal regimes. We stress that our argument 
assumes that the total grain mass remains constant, and 
that evaporation of the grains is not an issue. The calcula- 
tions presented below (see Section III.E) demonstrate that 
jet particles ejected at a velocity of <1 km s' 1 will travel 
out of the images in about 4 hr. This is the timescale over 
which the particles must fragment if fragmentation is the 
explanation of the radial color gradient of the jet side of 
the comet. 

Gehrz and Ney (1992) argued on the basis of infrared 
photometry from 1.25 to 23 /xm that the fluxes observed 
with 5" to 20" diaphragms were consistent with the interpre- 
tation that the typical radii of the optically important grains 
in P /Halley’s coma were 0.5 to 1.0 /x m. The near-infrared 
images of the jet show a gradual transition from a relatively 
flat surface brightness distribution inside 3 " to one ap- 
proaching r~ l at 5" to 10". This would imply that the solids 
ejected in the jet broke up in the outflow, and that the 
optically important particles subsequent to breakup were 
larger than about 1 /xm in radius. We conclude that the 
grain fragmentation hypothesis can explain the radial 
color. 


The rather steep surface brightness gradient on the anti- 
jet side of the nucleus is in the opposite sense to that 
expected from grain fragmentation. In this case, grains of 
different sizes may be traveling at different velocities, there 
is considerable evaporation of volatiles as a function of 
nucleocentric distance, or there is a velocity gradient in 
the outflow. Perhaps the particles in this portion of the 
coma decreased in radius by evaporation during their dy- 
namical acceleration into the dust tail. In this scenario, the 
total mass in solids decreases in the outflow. Jewitt et al 
(1982) and Jewitt and Meech (1987) reported similar be- 
havior in several comets at large nucleocentric distances, 
and reasoned that the evaporation of volatile ices from 
grains could explain the effect. Because the particles on 
this side of the nucleus are initially moving much more 
slowly than are the particles in the jet (see Section III.E), 
the dwell time of these particles in the images is sufficiently 
long to expect that evaporation might be substantial. An- 
other possible explanation is that changing particle size 
can change the solar radiation pressure on the particles 
and cause them to accelerate at different rates away from 
the nucleus. 

D. Color Gradients in the Inner Coma 

We have made cuts along the jet and in the anti-jet 
direction in the J (1,23 /xm), K (2.23 /xm), L' (3.8 /xm), 
and AT (4.67 /xm) images obtained on 1986 March 10.7 
UT. The geometry of these cuts and their relation to 
the direction of the Sun and the motion of the comet 
are shown in Fig. 4a. In each image, the location of the 
nucleus of the comet was determined by an elliptical fit 
to the inner 3". In this manner the images at the different 
filters could be registered. The flux ratios with respect 
to the 7 band along these cuts are shown in Figs, 4b 
and 4c. 

It is evident from Fig. 4 that there are color gradients 
along the jet and tail directions in the near-infrared 
images of the coma of P/Halley. In interpreting these 
gradients, it is important to recognize that the J and K 
images refer mainly to scattering properties of the grains, 
whereas the V and AT images refer mainly to the 
absorption and emission characteristics of the grains. 
Along the jet (Fig. 4b) the observed J/K ratio remains 
constant, while the JIL 1 and 7/AT ratios become bluer 
as a function of increasing nucleocentric distance r. This 
behavior is consistent with fragmentation and a decrease 
in grain radius (for grains with radii >0.5 /xm) with 
increasing r as hypothesized in Section III.C to explain 
the brightness gradient of the jet. As grains become 
smaller, they will scatter more efficiently at short wave- 
lengths. At longer wavelengths the grain emissivity will 
decrease as grain size is reduced, but the grain tempera- 
ture will increase. This could result in a net increase in 
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FIG. 4. (a) /-band image of comet Halley on 1986 March 10.7 UT with the locations of the one dimensional cuts (indicated by the solid lines 

to the southeast [along the jet] and to the northwest [anti-jet direction]) superposed on the isophotal contours. The projected directions of the sun 
and the orbital motion of the comet are indicated by dashed and solid arrows, respectively, (b) Flux ratios along the jet. (c) Flux ratios along the 
anti-jet. 


flux at L' and M (assuming no change in the grain 
albedo in the visual where most of the Sun’s flux is 
absorbed), but at heliocentric distances of ~1 AU or 
less (i.e., T > 300 K) the effect is too small to compensate 
for the strong increase in the albedo at J. In other words, 
the surface brightness in the jet is falling off more slowly 
at both J and M ' than expected from the standard model, 
just less so at M r . 

In the anti-jet direction (Fig. 4c), we observe roughly 
the inverse behavior, with JIK increasing slightly and 
JIL ' and JIM' decreasing with increasing radius. The 
decrease in JIL ' and JIM r indicate that the average 
albedo of the grains is dropping with increasing radius. 
In Section III.C we suggested two scenarios for the steep 


surface brightness gradient in the anti-jet direction. One 
scenario had the smaller particles being accelerated out 
of the inner tail by radiation pressure, depleting the 
small grain population that is most efficient at near- 
infrared scattering. This would explain the observed color 
gradient. The second scenario had volatiles evaporating 
from grains, making them darker and lowering their 
albedo (cf., Braum et al 1992). This scenario also can 
explain the observed color gradient in the anti-jet direc- 
tion. Both scenarios require that the grains are traveling 
more slowly away from the nucleus in the anti-jet direc- 
tion, allowing more time for either the removal of small 
grains by radiation pressure, the evaporation of volatiles, 
or fragmentation. 
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E. Dynamics of Dust in the Coma 

The near-infrared images convey information about the 
spatial distribution and physical properties of the grains in 
the coma. We assume that the observed infrared emission 
reflects the properties of the optically important grains (as 
defined by Gehrz and Ney 1992) along any given line of 
sight in the image data. Dust impact measurements from 
Giotto revealed a large range of particle sizes in the coma 
of P/Halley, and showed that the differential particle mass 
distribution followed a power law (McDonnell et al 1987). 
Such a grain size distribution is consistent with the thermal 
emission from other comets (Hanner et al 1985a, 1985b, 
1985c). Jewitt and Meech (1986) and Jewitt (1991) argued 
that the effective grain radius of the optically important 
grains is given by the optically weighted mean grain size 
inferred from a power law differential grain radius distribu- 
tion of the form n{a)da — Ka~ ni da, where m is between 3 
and 4.5. We assume in the discussion that follows that the 
grain properties that dominate the infrared scattering and 
emission refer to this optically weighted mean. 

The spatial distribution of grains of various mineral and 
physical properties within cometary comas and tails can 
be determined by calculating the trajectories these particles 
will assume upon being ablated from the comet nucleus, 
using an elementary model (cf., Sekanina 1974a). We will 
assume that spherical grains of radius a, which are perfect 
absorbers, and uniform density are ejected at a thermal 
velocity from the nucleus by the heating due to insolation. 
In the absence of jet activity, the trajectory grains follow 
upon leaving the comet are, in general, determined by the 
ratio fi = F rad IF c of the radial radiative and gravitational 
forces (Burns et al 1979). 

The total acceleration vector a on the grain obtained by 
combining the radiative acceleration (due to radial radia- 
tion pressure of the solar radiation field at the heliocentric 
distance r on a perfect absorber) and the acceleration due 
to gravity is 


GM 0 

a = ~— 


MKH11 


Syndynes generated from this relation using a range of 
values of (3 are shown as dashed lines in Fig. 5. The orbit 
of the comet was assumed to be purely elliptical with no 
non-gravitational effects. For a wide range in /3, material 
swept off of the comet by solar radiation pressure would 
appear to the west in any image of the comet taken on 
1986 March 10.7 UT. The extension to the inner coma seen 
in the images however, are to the east. Therefore, some 
other mechanism such as jets must be responsible for creat- 
ing the eastward extension to the image of the comet. 

The effect of jets on particle trajectories is easily incorpo- 
rated into our analysis. The solid lines in Fig. 5 are the 


syndynes for particles ejected from the comet with a veloc- 
ity vector pointing directly al the sun. Typical jet velocities 
observed in Comet P/Halley range from 0.2 to 1 km s' 1 
(e.g, Watanabe et al. 1987). For simplification (3 was set to 
zero. The jet particles move ahead of the comet on an 
orbit that is initially interior to the comet orbit. Jet parti- 
cles, then, would appear to the east in images of the comet 
on 1986 March 10.7 UT. We conclude that the eastern 
extension is caused by a jet of the type observed by Giotto , 
and seen in the 10 /xm images made during the Giotto 
encounter by Hayward et al (1987). However, we note 
that whether or not the semi-major axis of the ejected 
particle’s orbit is larger or smaller than the comet’s depends 
on where in the comet orbit the particle was ejected. For 
non-zero values of /3, jet particles will take more compli- 
cated trajectories than shown in the figure. However, on 
the spatial scale of our images, the jet velocity will initially 
dominate the motion. This can be seen by comparing the 
hourly intervals in Fig. 5b for the jet and the (3 = 1 anti- 
sunward tail. 

The appearance of sunward anti-tails composed of very 
large grains (small (3' s; Burns et al 1979) such as the one 
reported for Comet Kohoutek 1973f by Ney (1974a, 1974b) 
can be explained as a projection effect (Sekanina 1974a, 
1974b). Our dynamical analysis of the grain trajectories 
for P/Halley in mid-March 1986 shows that the large grains 
cannot extend in the sunward direction unless jet activity 
is involved in their ablation from the nucleus. Particles 
released with zero velocity with respect to the nucleus 
must, immediately begin trailing the nucleus because of 
the larger orbit dictated by the reduced gravity term that 
they feel. Those ejected with velocity vectors in the direc- 
tion of the sun will precede the comet on the inside of the 
comet orbit. Particles released with zero velocity relative 
to the nucleus and very small values of (3 move away from 
the nucleus very slowly (Fig. 5b). If the grain characteristics 
change with time in such a way as to increase (3 , they will 
quickly accelerate further from the nucleus. Such an effect 
could explain the steep brightness gradient on the “tail” 
side of the comet. However, we caution that detailed inter- 
pretation of evaporation and/or fragmentation effects 
would require extensive quantitative modeling of the data 
(cf., Konno et al 1993). 

IV. CONCLUSIONS 

Our near-infrared images of Comet Halley graphically 
demonstrate its very active behavior. We draw the follow- 
ing conclusions from our analysis presented here of post- 
perihelion near-infrared images of Comet P/Halley 1986 
III. 

(1) Both the scattered and thermal infrared components 
show that the dust in the coma is extended on the sunward 
side of the nucleus. The near-infrared coma morphology 
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FIG. 5. Syndynes for dust particles lost from comet Halley as viewed from the Earth orbit on 1986 March 10.7 UT. Coordinates are RA and 
DEC. The solid arrows represent the projected directions of the sun (left) and the orbital motion of the comet (right). The dashed lines trace 
particles released with no initial velocity relative to the comet. Values for the parameter /3 (see text) are indicated. The solid lines trace particles 
ejected toward the sun (jet) with >3 = 0. The velocity of ejection is indicated. The dots along the lines in 5b correspond to hourly intervals in the 
loss of material from the comet. The dashed line with >3 - 10“ 4 traces 30 days of ejection. The solid arrows represent (clockwise from the left) the 
projected directions of the orbital motion of the comet, the earth, and the sun. 


resembles the 10 jum morphology displayed in images 
made a few days later by Hayward et al. (1987). 

(2) Our analysis of the trajectories of dust grains in the 
vicinity of the nucleus of P/Halley leads us to conclude 
that the sunward extension of the coma is produced by 
jets similar to those evident at visible wavelengths in the 
Giotto spacecraft images of the nucleus (Reitsema et al 
1989). 

(3) The coma surface brightness dependence upon 
nucleocentric distance at all wavelengths in both the comet 
dust tail and in the jet deviates from the dependence pre- 
dicted by the “steady state” model for comet nucleus abla- 
tion in which grains are ablated from the nucleus at a 
constant rate and flow outward from the nucleus at con- 
stant velocity. 

(4) The near-infrared colors of the coma are not con- 
stant as a function of nucleocentric distance, suggesting 
that the grain properties are not uniform across the coma. 
The color profiles observed on the sunward side of the 
nucleus suggest that the grains fragment in the outflow of 
the jet on time scales of a few hours. 

The changing structure we observe necessitates rapid 
evolution of dust production rates in different directions 
from the nucleus. However, dust observed within our small 
field of view might have originated in outbursts much ear- 
lier than those evident in our images. Thus, it will be im- 
portant to obtain a continuous temporal series of images 
of comets in the future to fully explore dust production 
rates and mechanism. The increased fields of view available 


with recent large format 256 x 256 infrared arrays will 
provide a more complete record of the evolution of dust 
grain distributions. As the present study demonstrates, it 
will be important to obtain images at wavelengths which 
span both the scattered and emitted thermal spectrum of 
coma dust grains. 
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ABSTRACT 

We report pre-perihelion observations of comet P/Swift-Tuttle obtained with the UCSD mid-infrared 
astronomical camera on 12 nights in November 1992, The images were taken through a 1 (i m wide filter 
centered at 11.65 jui m. During the observing run, the heliocentric distance decreased from 1,13 to 0.98 AU, 
and the geocentric distance increased from 1.16 to 1.33 AU. The spatial scale of the images was 700-800 
km per pixel. In addition, photometric data at wavelengths between 3.6 and 18.5 ftm were obtained on one 
night. The infrared images cover the cometary activity on time scales from hours to weeks and reveal large 
changes in the overall morphology of the coma. From periodic changes in the jet patterns we determined the 
period of nuclear rotation of 67.5 ±0.4 h. Photometry indicates that the temperature of the coma was 35% 
higher than the blackbody temperature at the same heliocentric distance and, hence, that the coma was 
dominated by small particles of average radius of 0.7 yum. The dust mass loss rate varied with the 
heliocentric distance as /? -6 3 and displayed —40% variation with the rotational phase. Two major jets were 
present in the images obtained on November 07-17, and a third area became active on November 24-29, 
increasing the average dust loss rate by a factor of 1 .4. The relative positions of the three active areas on 
the surface of the nucleus are consistent with the positions of the most stable active zones identified by 
Sekanina [AJ, 86, 1741 (1981)] from the data on the P/Swift-Tuttle apparition in 1862. The radial brightness 
profiles suggest the radius of the nucleus is 15 ±3 km. This implies that the nucleus of P/Swift-Tuttle is —34 
times more massive than the nucleus of P/Halley. © 1995 American Astronomical Society . 


1. INTRODUCTION 

Studies of the nature and evolution of comets depend cru- 
cially on our understanding of the mechanisms and charac- 
teristics of cometary activity. During perihelion passage, 
comets are heated by solar radiation and release gas and dust 
into the inner solar system, thus forming a coma. From ob- 
servational studies, combined with extensive modeling, we 
know that the morphology of the coma is determined not 
only by the velocity and size distributions and the physical 
properties of the ejected material, but also by the geometry 
of jets and sources on the surface of the nucleus, its shape, 
and rotation geometry with respect to the Sun (review by 
Sekanina 1990). 

Temporal and spatial variations in the distribution of both 
gas and dust in coma indicate highly anisotropic emission 
mechanisms which are due to the inhomogeneity of nucleus 
surface properties and also depend upon the local insolation 
history. Gas molecules and very small dust grains display 
semichaotic motion (Horanyi & Mendis 1985), but the mo- 
tion of the optically efficient micron-sized and larger dust 
particles is much more collimated and predictable (Kitamura 


1987; Rabinowitz 1988). Due to the quasi-coherent behavior 
of dust particle jet flows, the trajectories can be dynamically 
extrapolated back to the surface of the nucleus, resulting in 
location and identification of their sources (Sekanina & Lar- 
son 1986). This makes studies of the dust features in the 
coma an indispensable tool for probing the nature of 
cometary nuclei. 

Imaging of comets in the mid infrared (3-20 ^tm) is a 
very useful method for studying the morphology and the 
extent of the dust phenomena in the coma. The optical depth 
in the mid IR is very low (~ 10 -5 ), which facilitates a 
straightforward interpretation of such images. The 10 /im 
wavelength range is dominated by thermal radiation from the 
dust itself and is sensitive to the dust distribution and its 
physical properties. A few 10 fi m images of comets have 
been acquired to date and have demonstrated the importance 
of this wavelength range for an insight into cometary pro- 
cesses (P/Giacobini-Zinner — Telesco et al 1986; P/Halley — 
Campins et al 1987; Hayward et al. 1987; new comet 
Wilson — Campins et al. 1989; new comet Austin — 
Fomenkova et al 1993). Analysis of these data has shown 
that the images are consistent with the premise that the over- 
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Table 1 . Observational parameters for Comet P/Swift-Tuttle observations. 


Date (UT) 

Airmass 

Number 

of 

images 

R 

(AU) 

a 

(AU) 

Elongation 

(degrees) 

Phase Angle 
(degrees) 

Sun-Comet 
projection angle, 
North-to-East 
(degrees) 

Linear 

Resolution 

(km/pixel) 

1992 Nov 07.06-07.11 

1.51-2.04 

12 

1.131 

1.166 

62.9 

51.1 

220.4 

702 

1992 Nov 08.07-08.11 

1.58-2.00 

8 

1.122 

1.165 

62.4 

51.3 

221.2 

701 

1992 Nov 09.09-09.11 

1.69-1.95 

4 

1.114 

1.167 

61.9 

513 

221.9 

703 

1992 Nov 1Z06-12.11 

1.48-2.05 

9 

1.089 

1.174 

593 

51.7 

223.9 

707 

1992 Nov 13.07-13.11 

1.54-2.11 

12 

1.081 

1.179 

59.4 

51.7 

2243 

710 

1991 Nov 14.06-14.11 

1.47-2.18 

14 

1.073 

1.184 

58.7 

51.7 

225.1 

713 

1992 Nov 15.06-15.07 

1.55-139 

2 1 

1.066 

1.190 

58.1 

51.6 

225.7 

716 

15.08 

1.66-1.71 

2 b 







15.09-15.11 

1.90-2.25 

6 







1992 Nov 17.05-17.12 

1.44-231 

18 

1.052 

1205 

56.7 

513 

226.8 

725 

1992Nov24.07-24.il 

1.89-263 

8 

1.009 

1279 

513 

49.4 

2303 

770 

1992 Nov 26.07-26.11 

1.80-285 

10 

0.998 

1305 

49.9 

483 

2312 

786 

1992 Nov 28.05-28.11 

1.68-3.11 

15 

0.989 

1334 

483 

47.4 

2321 

803 

1992 Nov 29.05-29.10 

1.67-277 

11 

0.985 

1349 

473 

46.9 

2326 

812 


a. Taken with a 4.8p. filter. 

b. Taken with an 8.7^ filter 


all maximum activity takes place on the sunlit side of a ro- 
tating nucleus. In dusty comets with jets, the ejection of dust 
is restricted to a few discrete active areas representing only a 
small fraction of the nuclear surface. These areas become 
dormant when they rotate out of direct sunlight. A temporal 
lag in sublimation due to thermal inertia also should be taken 
into account when interpreting the diurnal evolution of the 
coma. 

In this paper we present 11-12 /on images of comet 
P/Swift-Tuttle obtained pre-perihelion with the UCSD 
mid-IR astronomical camera. Comet P/Swift-Tuttle is a very 
active comet with a period of about 130 yr. It is the parent 
comet of the prominent Perseid meteor stream (Marsden 
1973). Apparitions of this comet in the inner solar system 
have been traced back to the years AD 188 and 68 BC (Yau 
et al. 1994). 

The observing run spanned the time period from 1992 
November 7 (IAUC #5654) to November 28 with data taken 
on 12 nights. We show an extended sequence of high- 
resolution images revealing the distinctive outlines of promi- 
nent features in the morphology of the coma. The temporal 
evolution of these features is diagnostic of the nuclear rota- 
tion. We also discuss how this rotation affects the activity of 
the comet. For one of these nights, we have photometric data 
obtained with the University of Minnesota (UM) infrared 
photometer at the O’Brien 0.76 m telescope. These data are 
used to derive the temperature of the dust, to estimate the 
characteristic size of dust grains in the coma, and for com- 
parison with other comets. 

2. OBSERVATIONS 
2. 1 The Instrumentation 

Infrared images of comet P/Swift-Tuttle were obtained 
with the UCSD mid-IR camera (the “Golden Gopher”) on 
the UCSD/UM 1 .5 m telescope at the Mt. Lemmon Observ- 
ing Facility. The telescope is optimized for observing in the 
infrared. At 1 1 /on, the image spatial resolution is diffraction 
limited to X/D — 1.5 arcsec FWHM. The Golden Gopher 


platescale of 0.83 arcsec/pixel samples the point spread func- 
tion (PSF) with 2X2 pixels of the array. We used 64 
columnsXl6 rows of the Si:As IBC array, which spanned 
53 X 13 arcsec. On warm nights or when the humidity is high, 
only a subset of the array can be used since the pixel satu- 
ration time due to higher background becomes less than the 
electronics readout time of 2.7 ms for a full frame. The cam- 
era provides good sensitivity in the wavelength range from 5 
to 27 /on. At 11 /-an, the noise equivalent flux density is 40 
mJy/arcsec 2 in 1 min (including both on and off source time) 
for a 1 /on bandwidth. A detailed description of the instru- 
ment and observing procedure can be found in Pina et al. 
(1993). 

Photometry was carried out with the 15 filter multiaper- 
ture infrared GaGe bolometer on the 0.76 m IR telescope of 
the UM O’Brien Observatory. The bandpasses, calibration, 
and operational characteristics of the photometer are de- 
scribed by Ney (1974) and Hanner et al. (1990). Calibrations 
for the silicate filters were obtained by interpolating the cali- 
bration scales given by Gehrz et al. (1974, 1992). 


2.2 The Infrared Images and Photometric Data 

In November 1992, comet P/Swift-Tuttle was imaged at a 
wavelength of 11-12 /on during the 12 nights that weather 
permitted observations. On each night, from 4 to 18 images 
of the comet were acquired during 1 -2 h of observing, the 
total number of images being 124. Table 1 summarizes the 
observing parameters and the Sun -comet-Earth geometry. 
During the observing run, the heliocentric distance R varied 
from 1.13 to 0.98 AU, and the geocentric distance A varied 
from 1.17 to 1.35 AU, resulting in a linear resolution at the 
comet of about 700- 800 km/pixel (Table 1) or 840-960 km/ 
arcsec, A typical chop throw between the sky and the object 
images was 1 aremin, which was sufficiently large to avoid 
observable image contamination from a coma flux contribu- 
tion in the reference beam. 

If the dust in the coma is moving with velocity v d , then a 
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Fig. 2. The 2 to 20 /un energy distribution of P/Swift-Tuttle. A weak silicate 
feature is superimposed on a smooth continuum caused by thermal emission 
of small grains. The fitted blackbody curve yields the grain temperature of 
360 K, which is 35% higher than the blackbody temperature at the helio- 
centric distance of 1.09 AU. 

crossing time required for the dust particles to cross the 
minimal resolution element is; 

r=<pA/i>j, 

where <p is an angular resolution and A is the geocentric 
distance. The crossing time defines an equivalent temporal 
resolution of the comet emission variability available from 
the images (Jewitt 1991). The terminal velocity u gas of the 
gas entraining dust grains into the coma can be estimated 
from the Bobrovnikov-Delsemme relation (Delsemme 
1982); 

u gas (km/s) = 0.58/?“ 1/2 (AU), (1) 

R being the heliocentric distance. Assuming that 
”> ga s~0*5-0.8 (Finson & Probstein 1968) the temporal 
resolution is given by (Fomenkova et al. 1993); 

r(h) = 0.70<p(arcsec)A(AU)^ !/2 (AU). (2) 

Typical values for comet Swift-Tuttle observations are: 
9=2X0.83" (two-pixel minimal resolution element), R = 1 
AU, and A =1.2 AU. The resulting temporal resolution r-1 
h is comparable with the total observing time for each night, 
but is smaller than characteristic outburst duration of 2-3 h 
[as estimated by Sekanina (1981) for the previous apparition 
of P/Swift-Tuttle]. The typical time interval t 0 between suc- 
cessive images was 5-10 min, i.e., fo^ T - Thus, images ob- 
tained on the same night were combined together to increase 
the signal-to-noise ratio and to extend the spatial coverage 
into the distant parts of the coma (Fig. 1, Plate 101). 

The photometric measurements of the IR energy distribu- 
tion of comet P/Swift-Tuttle were made on 1992 Nov 11.9- 
12.0 UT through narrowband filters at various wavelengths 
between 3.6 and 18.5 jjan (Fig. 2), including a number of 
data points in the silicate emission band at 8-13 /im. For 
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these measurements, the beam size and chop throw between 
the source and reference beams were 9 and 45 arcsec, respec- 
tively. Corrections, as described by Gehrz & Ney (1992), 
were made for a coma flux contribution to the reference 
beam. 


2.3 Flux Calibrations 

For absolute flux calibration, we used the stars a Aql, f3 
Peg, and a Tau. Calibrator images were obtained on each 
night, usually right before and right after the cometary ob- 
servations. The absolute stellar fluxes were taken from the 
IRAS Point Source Catalog (PSC, 1988) with a quoted un- 
certainty range of 4%-8% for flux measurement at each 
wavelength. However, since the satellite data are not color 
corrected and the IRAS bandpasses are much wider than our 
filter bandpass of 1 (jl m, a correction factor needs to be ap- 
plied. This factor depends on the spectral index of the star in 
question. The flux densities, /(A. 0 ), quoted in the PSC for 
k 0 =12, 25, 60, and 100 //m, were derived assuming an in- 
trinsic spectral index of — 1 : 

/AWKwxo)' 1 . 

or 

F=/,(X 0 ) J /,(X)//,(X 0 )*x d\ 

=/,(X 0 ) | (X/Xo)- 1 ** d\, 

where F is the flux measured by a detector through a given 
filter, and R x is the relative filter response (PSC, Table 
II.C.5). If the actual spectral dependence of flux is then 

F=/(X 0 ) j /(X)//(X 0 )/? x d\ 

=/(X 0 ) J (X/X 0 rX d\. 

and the actual color-corrected value of the flux density is 

/(*o)=/ fl (X 0 )/*. 

where the correction factor K equals 

K= j (X/X 0 )-** k </X j J (X/X 0 ) -I /?x d\ . (3) 

This correction has a large effect (up to 50%) and yields the 
true 12 fixn flux of the star. 

For our calibration stars, the spectral index /3 was esti- 
mated from the IRAS flux values at 12 and 25 /wn, assuming 
an average error of 6% for each flux measurement: 

/(12)//(25) = (12/25r< 8 . 

IRAS spectra of those stars were checked in the IRAS Atlas of 
Low-Resolution Spectra (Olnon et al 1986) to make sure 
that they are featureless. To obtain true calibration values for 
our filter centered at 11.65 /xm, we applied an additional 
small correction (with the same index /3) to the color- 
corrected flux densities /(12). The resulting fluxes for the 
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calibration stars are 24.2±1.5 Jy for a Aql, 286.1 ±23.2 Jy 
for P Peg, 1 and 503.4±31.2 Jy for a Tau. 

Overall errors in the flux calibration of the cometary im- 
ages are due to (i) the intrinsic uncertainties in the IRAS 
measurements, as given above, (ii) sky noise in the calibra- 
tion star images, and (iii) airmass correction. Fluctuations in 
the sky emission are essentially random, and, since the raw 
sky flux is so large, the sky noise is very well described by a 
Gaussian distribution. Therefore, the uncertainty in the total 
flux in an aperture containing N pixels is equal to the average 
sky noise per pixel multiplied by the square root of N . On 
different nights, the sky noise contributes between 5% and 
12% to the uncertainty in the raw flux measurement for im- 
ages of a Aql, and about l%-3% to the uncertainty in the 
fluxes of p Peg and a Tau. These errors, root-sum-squared 
with the errors in quoted IRAS fluxes given above, yield 
uncertainties in the flux calibrations between 9% and 15% 
for a Aql, 7%-ll% for p Peg, and 5%-8% for a Tau. 

To account for the atmospheric extinction, we used an 
exponential decay approximation of the flux dependence on 
the airmass. For each night, the calibration coefficients ob- 
tained were plotted vs airmass on a log-linear scale. The 
slope of a linear least-squares fit to these data points yields 
an extinction coefficient a , which, on different nights, ranged 
from 0.04 to 0.25 mag per airmass. The uncertainties in the 
best-fit parameters of the airmass correction increase the er- 
rors in the flux calibrations. (Usually, either the number of 
calibration stars was too low or the airmass range covered by 
them was too narrow to yield a tight fit.) The final uncertain- 
ties in the flux calibration of cometary images are between 
9% and 18%. 

3. RESULTS 

3. 1 Overall Morphology and Rotation of the Nucleus 

During its previous apparition in 1862, comet P/Swift- 
Tuttle was notted for its spectacular activity and was exten- 
sively observed [see Sekanina (1981) for the references]. The 
comet exhibited the dynamical evolution of three types of 
structures: jets, envelopes, and tail bands, indicating distinc- 
tive dust phenomena. Based on drawings and micrometric 
measurements of the jets made by the 19th century astrono- 
mers, Sekanina (1981) derived a nuclear rotation period of 
66.5 h and the obliquity of the orbit plane to the equator of 
80°, i.e., the rotation axis is almost in the orbit plane. He 
estimated that no more than 1 % of the nucleus surface area 
was active, located eight discrete emission spots, and in- 
ferred a typical ejection duration of ~2-3 h for each of the 
source regions. Based on orbital calculations, Yau et al 
(1994) noted a surprising absence of nongravitational pertur- 
bations in the P/Swift-Tuttle motion over an interval of more 
than two millennia. They suggested that either the comet has 
a very large nucleus, more massive than typical cometary 
nuclei, or that its emission pattern has been symmetric and 
extremely stable during this period. We will show later that 
oui data support the notion of a very large nucleus. 


'The error for fi Peg is larger because this is an irregular variable with a flux 
variation of 5% (Hanner 1994). 


Our infrared images cover the cometary activity on time 
scales from hours to weeks. The highly variable night-to- 
night activity of comet Swift-Tuttle is revealed in the coad- 
ded images (Fig. 1). Overall consistency of the images with 
an approximately 3 d period is immediately seen from the 
data and was noted by a number of other observers (Jorda 
et al. 1993; Feldman et al. 1993). To estimate the rotation 
period more accurately, we sequenced the images vs rota- 
tional phase assuming periods between 50 and 72 h. The 
most consistent succession of jet development with time 
(Fig. 3) is reconstructed for a period T of 67<7<68 h. A 
period as long as 67 h, or as long as 68 h, changes the 
sequence in an unacceptable way. Therefore, our best esti- 
mate of the period is 7=67.5±0.4 h, which is slightly longer 
than the average period of 66.5 h derived by Sekanina (1981) 
from observations of the year 1862. 

The sequence of images on Fig. 3 reveals that a drastic 
change in the activity of P/Swift-Tuttle occurred between 
Nov 17 and 24. Two dust jets are distinguishable in the 
cometary images obtained between Nov 07 and 17. The first, 
strongest jet J 1 is apparent in the beginning of the period 
(Nov 07): contours of constant brightness are elongated 
westward. It rotates counterclockwise (Nov 13), and dies 
away in the northwest direction by the middle of the rotation 
period (Nov 08, 14, 17). In these images the outer contours, 
determined by the pattern of earlier emission, are elongated 
to the northwest, but the more recent innermost contours are 
either circular, or elongated to the southwest. The images of 
Nov 14 and 17 show that the second, weaker jet J2 becomes 
active and is directed Sunward. This jet also rotates counter- 
clockwise (Nov 09), and disappears (Nov 12). At the end of 
the period (Nov 15) jet J1 is awakening again, pointing in the 
sunward direction. 

The pattern of emission from these two major active areas 
is in good agreement with observations of gaseous species 
CN, C 2 , and C 3 by Schulz et al. (1994) made on three nights 
in the beginning of October 1992. They estimated that, as- 
suming that the nucleus of P/Swift-Tuttle is in a state of 
simple rotation, the two active areas producing gas jets are 
separated by 130° on the surface of the nucleus. From the 
measurements of dust continuum at 0.483 and 0.523 pm 
Schulz et al. (1994) also suggested that the gas and dust jets 
in P/Swift-Tuttle are correlated in some way. Since our ob- 
serving run took place a month later than theirs, we cannot 
make a direct comparison of dust and gas emission. In our 
images, the time interval between the onset of jets J2 and J1 
is —22.5 h, which gives a distance between the active areas 
of 360° X (22.5 h/67.5 h)=120°. This result is consistent 
with the modeling by Sekanina (1981) based on the jet pat- 
terns observed during the previous apparition of P/Swift- 
Tuttle in 1862. He concluded that two most prominent emis- 
sion areas A and B were separated by 120° in longitude in 
cometocentric equatorial coordinates. The same areas may be 
active during the 1992 apparition and responsible for corre- 
lated gas and dust production! 

But the surface of P/Swift-Tuttle is not frozen perma- 
nently in the same, unchanging state. Images of Nov 24, 26, 
28, and 29 show the presence of a new, very strong, third jet 
J3. It is directed southward and has maximum activity in the 
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Rotation of Comet P/Swift-Tuttle. Period=67.5 hrs 
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Fig. 3. Images vs rotational phase for a nuclear rotation period of 67.5 h. The brightest pixel of each image is marked by a cross. Contours are drawn at 60%, 
40%, 30%, 20%, and 10% level of the peak. The solid line through the brightest pixel of each image shows the sunward direction. 


beginning of the last quarter of the period (Nov 26), when it 
fully obscures the weaker jet J2. Then the activity of jet J3 
decreases 5 h later (Nov 29), while jet J1 reappears. The 
remnants of jet J3 are still seen in the beginning of the period 
(Nov 24) where outer contours of the coma are slightly elon- 
gated southward. The jet J3 is separated from jet J1 by —29 
h in time or by —155° and may correspond to the active zone 
C in the model by Sekanina (1981). In 1862, this zone be- 
came and stayed active closer to the perihelion than zones A 
and B. 

The sudden activation of a new strong jet indicates that 
the mechanical and morphological surface properties of 
P/Swift-Tuttle are heterogeneous and evolve with time. Se- 
kanina (1981) estimated that only about 1% of the surface 
area of the P/Swift-Tuttle nucleus was active during its 1862 
apparition. If the active areas responsible for the jets we 
observed are indeed the same which were active in 1862, 
then our observations give evidence of both diurnal and sea- 
sonal variations in the activity of the comet. The closer to the 
perihelion, i.e., to the cometary “summer,” the more areas 
on the surface change from a dormant to an active state. In 
Sekanina’s (1981) model of the 1862 activity of P/Swift- 
Tuttle, the maximum number of active areas occurs right 
after the perihelion passage, during the peak of the cometary 
summer. 

Alternatively, if the proximity of angular distances be- 
tween the three active areas observed in the 1992 and in 


1862 apparitions is a random coincidence, this would imply 
that the upper crust on the surface of the nucleus is unstable 
and subject to sudden openings of new crevices. Initiation of 
such a new active area would expose the inner, unmodified 
volatile-rich fresh material and result in a dramatic increase 
in the mass loss rate (see further). Fracturing of the surface 
may be caused by thermal stresses in cometary nuclei due to 
steep temperature gradients in the surface layer (Tauber 
& Kuhrt 1987). This explanation is also consistent with the 
observed jet activation at close heliocentric distance R<1 
AU. 

3.2 Photometry and Comparison of Comet P/Swift -Tuttle 
with Other Comets 

Photometric data obtained on 1992 Nov. 12 were used to 
estimate the coma temperature (Fig. 2). A blackbody fit to 
the continuum emission (excluding the silicate band) yields a 
coma temperature T obs =360±10 K. The blackbody tempera- 
ture at a given heliocentric distance R can be determined 
from the energy balance between the power of absorbed so- 
lar radiation and the power emitted by grains in the thermal 
infrared: 

2 QaiLsun ttR 1 ) = 4 ira 2 Q e aT A obs , 

where Q a and Q e are the Planck mean absorption and emis- 
sion coefficients, respectively, a is the average grain radius, 
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3.3 Thermal Infrared Flux and the Mass Loss Rate 

In the steady-state model approximation of cometary dust 
emission, the dust production rate and the particle velocity 
do not depend on time, and particles are isotropically emitted 
from the nucleus. In this case, radial brightness decreases as 
1/r with the distance from the nucleus. The total thermal 
infrared flux F lR in a square aperture is roughly proportional 
to the mass loss rate M : 

F IR =ln(l +\Q)(<p/A)(3Q e o-T 4 0bs /4'7Tpav d )M i 
or (6) 

F, r ( W/m 2 ) = 1 . 1 6 X 1 0 " 25 [ tp( arcsec)/ A( AU)] 

X[ 7 tbs( K ) /fl (F' m )p(g /cm ) 


Fig. 4. Comparison of P/Swift-Tuttle with other recent bright comets. The 
data on superheat and silicate excess in other comets are from Gehrz & Ney 
(1992). 

L Sun =3.826X 10 33 erg/s is the solar luminosity, and 
<r=5.6696X 1CT 5 erg/cm 2 * /deg 4 is the Stefan-Boltzmann 
constant. Assuming Q a ~Q e = 1, the blackbody temperature 
is 


T bb (K) = (L Sun /16T7crR 2 ) ,/4 -278.3«- |/2 (AU). (4) 

Following Gehrz & Ney (1992), we define the superheat of 
cometary dust as 

5=7’ obs /r bb =(Q a /(2 e ) 1/4 . (5) 

For the Nov 12 observations, R- 1.09 AU, 7 bb =267 K, 
S = 1.35 ±0.04, and Q e ^0.3<Q a . The high superheat is in- 
dicative of small grains present in the coma. If the grains 
were as large as, or larger than the wavelength of the emitted 
radiation 10 /mi, then their emissivity Q e would be close to 
unity, and their temperature would be close to that of a black- 
body [Eq. (4)]. The temperature has to rise above in 
order for the grains to achieve radiative equilibrium. 

The emission in the silicate band (the four points between 
8.7 and 11.6 /zm) exceeds the continuum fit by an average of 
0.34±0.15 mag. To compare the P/Swift-Tuttle dust compo- 
nent with other comets, we used the data by Gehrz & Ney 
(1992) (Fig. 4). The observed combination of the superheat 
and silicate excess characterizes P/Swift-Tuttle as an IR Type 
II comet. 2 Using calculations by Gilman (1974), as presented 
in Fig. 5 of Gehrz & Ney (1992), we estimated the average 
grain size as 0.7 ±0.1 /zm. This is consistent with P/Swift- 
Tuttle classification as an IR Type II comet. For comet 
P/Halley, similar calculations confirmed that, usually, 
its coma was formed primarily by particles with radii of 
0.5-1 /mi. 


2 The classification of comets into IR Type I and II was introduced by Gehrz 

et ai (1989). Type I comets have continuum emission with a low superheat, 

weak or absent silicate features and Type I (ion) tails. Type II comets have 
10 and 20 /im silicate emission features superimposed on a superheated 
infrared continuum and prominent Type II (dust) tails. The observed differ- 
ences between dust emission can be explained by different grain sizes: large 
(5-10 /zm) particles in comets of IR Type I and small (0.5-1 /im) particles 
in comets of IR Type II. 


Xu rf (km/s)]M(kg/s), 


where <p is the size of a square aperture, a is the average 
grain size, p is the average density, and 2,=0.3. Obviously, 
comet Swift-Tuttle was not in a steady state as nonisotropic 
emission, temporal fluctuations in the dust production, and 
pronounced jets are clearly seen in the images. Many other 
parameters involved in these calculations are also very un- 
certain: the actual dust grain size, velocity and density dis- 
tributions, the dependence of Q e and T obs on the particle size 
and composition, etc. Most important is the dependence on 
the assumed particle size distribution. A considerable amount 
of the dust mass in the coma is in the form of large particles 
(>100 /zm, McDonnel et al 1991), which we do not detect 
in 10 /zm images (Campins et al 1989). Therefore, we can 
use the steady-state approximation only to obtain a rough 
measure of the lower limit of the dust mass loss. This esti- 
mate allows us a consistent study of short and long term 
variations in the dust activity of P/Swift-Tuttle during our 
observing run. Also, the dust production rate of other comets 
is usually estimated with similar assumptions, which makes 
the steady-state model a simple, but useful tool for compar- 
ing the productivity of different comets. 

The total thermal flux F m can be estimated from our mea- 
surements of the flux f u in a I /zm wide filter centered on 
1 1 .65 /zm as 





12.15 

11.15 


Fbb(^»^obs)^^ > 


(7) 


where X is the wavelength in /zm, and F bb (X,T obs ) is the 
Planck energy distribution. Assuming that on all dates the 
superheat of the cometary dust was the same as on Nov 12 
(i.e., the temperature of the grains was 35% higher than the 
blackbody temperature at the same heliocentric distance: 
r obs = 375.7 R“ 1/2 ), we find that F IR sl6.26/ n . The mass 
loss rate shown in Figs. 5(a) and 5(b) was calculated from (6) 
for a =0.7 /im, p=1.0 g/cm, u^=0.46R” 1/2 , and Q e =0. 3. 

Dust production in Fig. 5(a) varies approximately as 
/? -6 3 , which agrees very well with the heliocentric depen- 
dence of the water production rate as derived by Hoban et al 
(1993) from a vast set of independent observations. This he- 
liocentric dependence is much steeper than a typical for com- 
ets R~ 2 -R~ 4 one (Gehrz & Ney 1992). The increment of 
the mass loss rate at R<\ AU is caused by the activation of 
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Fig. 5. Dust mass loss rate of P/Swift-Tuttle. (a) Heliocentric dependence. 
The heliocentric distance was decreasing with time. The dotted line is the 
least squares approximation showing the /?~ 6 3 dependence of the. dust mass 
loss rate, (b) Rotational phase dependence. The sinusoidal curve is used as 
the simplest periodic function. The width of each box is determined by the 
angular size of the corresponding image as follows from Eq. (2): the mass 
loss rate obtained from our measurements is an average over this time in- 
terval. The height of each box shows the error of measurement. 

jet J3 during the week between November 17 and 24 (cf. 
Sec. 3.1). Emission from the new area increased the average 
activity by a factor of 1.4. The overall activity is comparable 
with that of P/Halley (5* 10 3 kg/s at R = 1 AU) and is about an 
order of magnitude higher than in other comets (Gehrz 
& Ney 1992). 

Day-to-day fluctuations in the mass loss rate [Fig. 5(b)] 
are roughly consistent with the suggested rotation period of 
67.5 h. On November 7-17, the dust production achieved 
maximum when the jet J1 was active, and dropped to the 
minimum during the intervals of the jet J2 activity. The dif- 
ference between maximum and minimum dust production is 
—40%, and similar variation in the water production was 
found from IUE observations (Feldman et al 1993). The 
data presented by Schulz et al (1994) show the following 
day-to-day abundance variations of gaseous species: 25% for 
CN, 26% for C 2 , and 40% for C 3 . This quantitative agree- 
ment confirms the hypothesis that, in contrast to comet 
P/Halley, the gas and dust jets in comet P/Swift-Tuttle are 
correlated. Remarkably, Feldman et al observed a clear 
maximum in the water production on Nov 4. That is one 
rotation period earlier than our first observation of Nov 7, 
and, in accordance with the rotational dependence presented 
in Fig. 5(b), activity peaks at this rotational phase. 

3.4 The Size of the Nucleus 

Sudden activation of strong jets evidently contradicts the 
suggestion of a uniquely stable and symmetric pattern of 
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emission of P/Swift-Tuttle made by Yau et al (1994). Se~ 
kanina (1981) also inferred from his model calculations that 
different areas had been active during different rotations of 
the nucleus, the total number of active areas being up to 
eight. We consider the alternative hypothesis by Yau et al 
(1994): that a surprising absence of nongravitational pertur- 
bations in the orbital motion of this comet is due to a very 
large nucleus. 

High-resolution infrared imaging gives us a key to direct 
observations of cometary nuclei even for highly active, 
Halley-type comets near perihelion. Consider an ideal “unit” 
comet producing M = I0 3 kg/s of dust 3 in 1/xm size particles 
of the density p=l g/cm 3 at R = A=1 AU. In accordance 
with Eq. (1), the velocity of dust grains is u^=0.5 km/s, and, 
with a superheat of 1.35, the temperature of grains is 376 K. 
From Eq. (6) we estimate that the infrared flux of such a 
comet observed in a 1 arcsec square aperture equals: 
/=4.6X10 -12 W/m 2 

Suppose that the nucleus of the unit comet has an average 
radius x km (with a corresponding surface area of 4vx 2 km 2 ) 
and radiates as a point source at a blackbody temperature 
^bb = 278 K. The resulting infrared flux is given by 

C=o-7t b (*/A) 2 , 

or 

C(W/m 2 ) = 2.534 X 10“ 24 rJ b (K)x 2 (km). (8) 

For x = 10 km, C equals to 1.5X10 -12 W/m 2 , implying that 
the contribution from the nucleus to the central brightest 
pixel is at least comparable with the flux from the dust. Note 
that the smaller the size of the central pixel (that is the higher 
the angular resolution), the larger is the relative contribution 
of the nucleus flux. 

In real images, however, the point source flux becomes 
spread out over some finite area described by the point 
spread function (PSF) of the instrument. Approximating our 
PSF with a Gaussian radial profile, PSF=(l/27r5 2 ) 
exp(- r 2 / 2&), the contribution of the point source flux to the 
central pixel is reduced and given by 

Cp SF ^C/2ir 5^, 

where S is determined by the full-width half maximum 
(FWHM) of the PSF as 

5 2 = FWHM 2 /8 In 2 

for a Gaussian approximation of the PSF. Computer model- 
ing was applied to convolve the sum of the 1/r dust contri- 
bution and the point source contribution from the nucleus 
with the instrumental PSF. The FWHM was estimated for 
each night from the calibration star images. The ratio of the 
nuclear flux C to the dust flux in the central pixel was used 
as a free parameter in the model. Values of C obtained from 
the best fit between the model and experimental radial 
brightness profiles yield an average nucleus radius of *=(15 
±3) km. This result is consistent with photometric measure- 


^This value of M is close to the average mass loss rate in P/Halley at 1 AU 
and is about an order of magnitude higher than in most comets (Gehrz 
& Ney 1992). 
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merits by Williams who suggested that P/Swift-Tuttle 
nucleus should be at least 24 km across [reported in News 
Notes, Sky and Telescope 89(1), 1995, page 13]. For com- 
parison, the dimensions of the elongated comet P/Halley 
nucleus are (15.3X7.2X7.22) km, thus giving an average 
radius of 4.8 km (Szego 1991). 

We estimate that for the same density, the nucleus of 
P/Swift-Tuttle would be —34 times more massive than the 
nucleus of P/Halley. Hughes & McBride (1989) showed that 
the mass of a meteor stream is proportional to the mass of its 
parent comet multiplied by its dust-to-gas mass ratio. The 
mass of the meteor stream Perseid associated with P/Swift- 
Tuttle is (46±5)X10 12 kg and the average mass of the me- 
teor stream Orionid/Eta Aquarid associated with P/Halley is 
(1.5±0.4)X10 12 kg (Jenniskens 1994). Assuming the same 
dust-to-gas mass ratio in P/Halley and P/Swift-Tuttle, the 
ratio of masses of their meteor streams is 31, which is in 
excellent agreement with our result. 

4. SUMMARY 

Comet P/Swift-Tuttle at the heliocentric distance of 1 AU 
was one of the most active periodic comets after P/Halley 
and it demonstrated “Halley-type” behavior in some other 
respects too. Both P/Halley and P/Swift-Tuttle are old 
evolved comets having retrograde orbits (inclination >90°). 
Their comae are dominated by small (—1 /xm) particles. Im- 
ages of both comets were consistent with the presence of 
anisotropic flows of ejecta emanating from discrete active 
regions (vents) on the rotating cometary nucleus. Moreover, 
it was suggested that the same vents have remained active 
since their previous apparitions in 1910 for P/Halley 
(Rabinowitz 1988) and in 1862 for P/Swift-Tuttle (Schulz 
et al 1994; this work). This hypothesis, if true, implies a 
certain degree of stability and, hence, might be used to infer 
the physical strength of the upper crust on the nuclei of old 
evolved periodic comets. Future missions landing on the sur- 
face of a cometary nucleus would shed more light on this 
problem. 

The activity of individual vents seems to remain stable 
from one apparition to another, but responds to the diurnal 
cycle and is affected by seasonal variations. To be fully ad- 
dressed in the future, it requires a long series of observations 
of a comet which would provide comprehensive information 
on day-to-day temporal evolution of cometary activity pre- 
and post-perihelion. Our observations of P/Swift-Tuttle, as 
well as the interpretation of the 1862 observations by Se- 
kanina (1981), show that the number of active areas tends to 
increase closer to perihelion. In our case, there were two 
sources of jets on November 07-17, and the third vent be- 
came active in the images on November 24-29. The mass 
loss rate depended on the heliocentric distance as /?” 63 . The 
initiation of strong emission from the new area increased the 
average mass loss rate by a factor of 1.4. From periodic 
changes in the jet pattern we determined the rotation period 
of P/Swift-Tuttle of 67.5±0.4 h. The dust production varied 
by —40% with rotational phase. 

In contrast to P/Halley, the dust and gas jets appear to be 
correlated in P/Swift-Tuttle. Observations of both comets 


give rise to speculations about possible heterogeneity of their 
nuclei (Mumma et al 1990; Fomenkova & Chang 1993; 
Hoban et al 1993), but there is not enough data to draw 
more certain conclusions. 

The radial brightness profiles calculated for the mid- 
infrared images of P/Swift-Tuttle are consistent with the 
presence of a large nucleus, which contributes a non- 
negligible ‘hernial infrared flux to the central part of each 
image. We estimated the radius of the nucleus to be 15 ±3 
km. If the densities of the two nuclei are equal, the nucleus 
of P/Swift-Tuttle is -34 times more massive than the 
nucleus of P/Halley. This may provide an explanation of the 
absence of nongravitational perturbations in the motion of 
comet P/Swift-Tuttle. 

We suggest that the differences in the general morphology 
of comae of new and old comets combined with the differ- 
ences in the dust grain size distributions may be the principal 
physical parameters correlated with the dynamical age of 
comets. For example, images of dynamically new comet 
Austin ( 1989c 1 = 1990V) obtained with the same UCSD 
camera did not reveal significant dust structures in the mor- 
phology of the coma, although the resolution was higher, 
<300 km per pixel (Fomenkova et al 1993). Either the dust 
emission was more or less uniform from the whole nucleus 
(with a slight prevalence on the sunlit side), or the dust 
grains were ejected in a large number of microjets indistin- 
guishable as separate events from ground-based observa- 
tions. The long history of apparitions in the inner solar sys- 
tem causes formation of a thick dusty mantle, possibly glued 
together by complex nonvolatile organics, on most of the 
surface of a comet (Brin & Mendis 1979). Such an impen- 
etrable crust constraints the activity to a few active areas 
which are, probably, crevices reaching deeper volatile-rich 
layers. It effectively decreases and may be even completely 
prevents the dust emission from the rest of the surface. This 
scenario implies that the particle size distributions may be 
different in old and new comets. The coma of new comet 
Austin was dominated by larger particles (10 /zm) with the 
size distribution /( a )— a -1 (Lisse 1992), while the coma of 
P/Halley contained a larger fraction of small particles (0.5-1 
/zm) with the size distribution /(a) — a~ 37 (McDonnell 
et al 1991). The photometric measurements of P/Swift- 
Tuttle indicate that the average size of dust grains in its coma 
is —0.7 /zm. A detailed modeling of dust emission processes 
in P/Swift-Tuttle to determine better its grain size distribu- 
tion is a subject of our future work. 
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A close examination of the 0.7- to 23 -/urn infrared data base 
acquired by Gehrz and Ney (1992, Icarus 100, 162-186) suggests 
that the nucleus of Comet P/Halley 1986 III emitted a burst of 
small dust grains during a 3-day period commencing within hours 
of perihelion passage on 1986 February 9.46 UT. The outburst 
was characterized by significant increases in the coma’s grain color 
temperature 7^, temperature excess (superheat: S = 7^/7^), 
infrared luminosity, albedo, and 10-/mm silicate emission feature 
strength. These changes are all consistent with the sudden ejection 
from the nucleus of a cloud of grains with radii of approximately 
0.5 ft m. This outburst may have produced the dust that was 
responsible for some of the tail streamers photographed on 1986 
February 22 UT. The peak of the dust outburst occurred about 3 
days before a pronounced increase in the water production rate 
measured by the Pioneer Venus Orbiter Ultraviolet Spectrometer. 
We suggest that jets that release large quantities of small particles 
may be largely responsible for some of the variable infrared behav- 
ior that has been reported for P/Halley and other comets during 
the past two decades. Such jets may also account for some of the 
differences between IR Type I and IR Type IT comets, e 1995 

Academic Press, Inc. 


I. INTRODUCTION 

During its 1985-1986 apparition, Comet P/Halley 1986 
III was studied extensively in the infrared by many ob- 
servers who found it to be highly variable in several im- 
portant ways (Tokunaga et al. 1986, 1988, Gehrz and 
Ney 1986, 1992, Hanner et al. 1987, Hanner 1988 and 

1 Present address: Science Department, Breck Middle School, 123 
Ottawa Avenue, North, Minneapolis, MN 55422. 

2 Present address: Science Department, Southwest Jr. High School, 
Southwest Highway 169, Albert Lea, MN 55607. 


references therein). Among the parameters that appeared 
to vary significantly on short time scales were the coma’s 
infrared luminosity, grain temperature, albedo, and 10-^im 
silicate emission feature characteristics. We have recently 
reexamined the data base acquired by Gehrz and Ney 
(1992; Paper I hereafter) to look for systematic infrared 
variability in P/Halley during perihelion passage when the 
nucleus should have been the most active. In this paper, 
we report new evidence that the nucleus of P/Halley 
ejected a cloud of small grains during its February 1986 
perihelion passage. 

II. DATA DESCRIBING THE PERIHELION OUTBURST 

In Paper I (Tables I-III), we reported the results of 
broadband optical/infrared photometry of Comet P/Hal- 
ley 1986 III from 0.7 to 23 /xm obtained between 1985 
December 12 UT and 1986 May 6 UT using the University 
of Minnesota O’Brien 0.76-m telescope, the Wyoming 
Infrared Observatory 2.34-m telescope, and the Univer- 
sity of Minnesota/University of California at San Diego 
Mount Lemmon Observing Facility 1.52-m telescope. 

We recently digitized this data base using the TriMetrix, 
Inc. AXUM Technical Graphics and Data Analysis soft- 
ware to facilitate a detailed examination of the transient 
activity seen in the infrared and to expedite the compari- 
son of our data with other data bases. An immediate 
product of this effort was our rediscovery of a pronounced 
short-lived outburst from P/Halley’s nucleus during 1986 
February 9-13 UT. Figure 1 shows the temporal evolution 
of six fundamental physical parameters, the first five of 
which are derived from the data in Paper I, that character- 
ize this perihelion outburst as a function of time. Time is 
plotted in days from perihelion passage where / = 0 = 
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Time from Perihelion in Days 

FIG. 1. Physical parameters characterizing the temporal development of the perihelion outburst of Comet P/Halley plotted as a function of 
days from perihelion passage (/ = 0): (a) grain color temperature 7. in K; (b) temperature excess, or superheat 5; (c) strength of the 10-pim silicate 
emission feature relative to the continuum in magnitudes (d) grain albedo A; (e) total infrared flux T(IR) emitted by the coma into a 20" 

circular diaphragm corrected for r and A; and (f) water production rate as observed by the Pioneer Venus spacecraft (open circles, data from 
Stewart 1987) compared with grain color temperature. The solid line labeled T BB in (a) shows the expected temporal evolution of the temperature 
of black grains as a function of the heliocentric distance r during the epoch of the observations. The fluxes in (e) were normalized to a 20" 
diaphragm and corrected for emission into the reference beam, r, and A as described in the text. 


1986 February 9.4590 UT. The parameters are the grain 
color temperature T c in K (Fig. la), the temperature ex- 
cess as defined by the superheat S (Fig. lb), the strength 
of the 10-/xm silicate emission feature relative to the con- 
tinuum in magnitudes AA/ 10 (Fig. lc), the albedo A of 
the coma (Fig. Id), the total apparent infrared luminosity 
L(IR) emitted by the coma into a 20” circular diaphragm 
normalized to a heliocentric distance r = 1 AU and a 
geocentric distance A = 1 AU (Fig. le), and the water 
production rate recorded by the Pioneer Venus spacecraft 
(Stewart 1987) compared with T c (Fig. If). The fluxes 
given in Fig. le were scaled to a 20" diaphragm, corrected 


for coma emission into the reference beam, and normal- 
ized to r = A = 1 AU using the standard coma emission 
model described in the Paper I. 

It is evident from Fig. 1 that a pronounced outburst 
commenced within hours of / = 0 and persisted for about 
3 days thereafter. Activity of the nucleus appears to have 
returned to the preoutburst level by / = +5 days. We refer 
to this large outburst hereafter as the * ‘primary outburst . ’ ’ 
There is evidence for a smaller secondary outburst around 
t = +18 days. 

Table I summarizes the physical characteristics of the 
coma during the midpoint of the primary outburst and 
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TABLE I 

Physical Parameters of the Coma during 
the Perihelion Outburst 


Parameter 

Pre/Post 

Outburst 

Midpoint of the 
primary outburst 

r 

0.59 AU 

0.59 AU 

A 

1.52 AU 

1.52 AU 

Color temperature 

420 K 

510 K 

Superheat 

1.16 

1.41 

AM I0 

0.35 

0.85 

Albedo A 

0.16 

0.22 

Apparent luminosity 

6 x lO' 15 W cm -2 

2.2 x 10' !4 W cm" 2 

Water production rate 

1.2 x 10 30 mol sec -1 

1.7 x 10 30 mol sec’ 1 

IR spectrum type 

IR I 

IR II 

Grain radius a 

S:1 ftm 

<0.5 fxm 


during the pre/post-outburst “quiescent” period. During 
this outburst, the color temperature, superheat, 10-ju.m 
silicate emission feature strength, albedo, luminosity, and 
water production rate were all elevated with respect to 
the quiescent values. We argue in the discussion below 
that the elevations of the first five of these parameters 
strongly suggest that the primary outburst was character- 
ized by the release of a burst of small grains. The second- 
ary outburst appears to have been similar in this respect. 

m. DISCUSSION 

Consideration of the arguments we presented in Paper 
I leads us to conclude that the elevations in the color 
temperature, superheat, 10-/um silicate emission strength, 
albedo, and apparent luminosity of P/Halley’s coma dur- 
ing the primary outburst were caused by the release of a 
significant quantity of small grains with radii a £ 0.5 fim. 
These physical parameters measure the properties of the 
optically important grains, and we have shown in Paper 
I that the mathematical characterization of these parame- 
ters is particularly straightforward when the grain radius 
distribution is assumed to be a power law. Observational 
evidence favors this assumption. Dust impact measure- 
ments from the Giotto spacecraft indicate that the differ- 
ential particle mass distribution in the coma of P/Halley 
followed a power law (McDonnell et al. 1987), and Plan- 
ner et al. (1985a, b) found that power law grain size distri- 
butions enabled them to construct good model fits to the 
observed thermal energy distributions of other comets. 
Jewitt and Meech (1986) and Jewitt (1991) showed that a 
power law of the form n(a) da = Ka~ m da , where m lies 
between 3 and 4.5, can be used to compute the effective 
grain radius a for the optically important grains in typical 
comets. We assume in the discussion that follows that 
the grain radius measured by the infrared emission is the 


optically weighted mean defined for such a power law 
distribution. 

The elevated color temperature ^obs and the superheat 
S of the coma of P/Halley during the primary outburst 
strongly suggest that there was a sudden emission of a 
burst of relatively small dust grains from the comet nu- 
cleus. Following the arguments outlined in Paper I, we 
define the temperature excess or superheat S as 



is the temperature expected for a perfectly conducting 
black sphere at the heliocentric distance r A (in AU), 
T obs ” T BB [QJQ c ] y4 is the observed color temperature of 
the coma, Q a is the absorption efficiency of the grain 
averaged over the solar spectrum, and Q t is the thermal 
emission efficiency of the grain at Thus, T obs and S 
measure the fourth root of the ratio of Q a to Q e , which is 
approximately unity for large grains, and becomes larger 
as the grain size decreases. S is a particularly useful pa- 
rameter for evaluating temperature fluctuations due to 
grain size and composition because it eliminates to first 
order the [r A ]~ l/2 dependence of the grain temperature 
upon heliocentric distance. For very small grains where 
27 ra/k < 1, QJQ t > 1, and the grains are significantly 
superheated. In Paper I (see Paper I, Fig. 5), we examined 
in detail the parameter space relating S and a. We con- 
clude from that analysis and the data in Table I that the 
optically important grains expelled during the primary 
perihelion outburst of P/Halley had mean radii of a ^ 0.5 
ftm and that the mean grain radius in the coma during 
the quiescent pre/postoutburst phase was >1 fim. Rises 
in ^obs and S also characterize the second outburst at 
t 4- 18 days, suggesting that this episode also was char- 
acterized by the emission of small grains. 

The behavior of the 10-/xm silicate emission feature was 
also consistent with the hypothesis that the small grains 
dominated the infrared emission from coma of P/Halley 
during the primary and secondary outbursts. In Paper I 
(see Table IV and Fig. 6), we showed that there is a strong 
correlation between S and the silicate emission excess for 
a number of comets and concluded that this behavior was 
consistent with the hypothesis that the strength of the 
silicate emission feature increases as grain size decreases. 
As shown in Fig. lc, the emission feature was nearly a 
factor of two stronger relative to the continuum during 
the peak of the primary outburst than it was before and 
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after the outburst. We note that during quiescence before 
and between outbursts, the silicate feature was small and 
P/Halley had the energy distribution of an IR Type I 
comet. The optically important grains in the comae of IR 
Type I comets appear to have radii of si pirn (see Paper 
I). The 10-/xm emission feature was particularly weak on 
1986 January 26.8 (f = -13.6) UT and 1986 February 
14.67 UT (/ = 5.21). During outburst, the values of S 
and A M i0 were consistent with the behavior of the most 
extreme IR Type II comets such as Bennet 1969i (see 
Maas et al. 1970). The thermal infrared coma emission in 
IR Type II comets is produced primarily by grains with 
radii a < 0.5 fi m (see Paper I). 

Figure Id shows that the grain albedo A was about 
50% higher during both the primary and the secondary 
outbursts than the albedo during the quiescent phase be- 
tween the bursts. A straightforward argument shows that 
this increase is consistent with the interpretation that 
small grains were ejected in the outburst. We showed in 
Paper I that the bolometric albedo A(0) as a function of 
scattering angle 0 given by the integrated scattered and 
emitted energy distributions is 

4 ( 0 ) — IM1 — ( 3 ) 

A(e) 1 + /(0)’ W 


where 


f ( a\ = /wsW = [k/ x (vis, 0)] max /j\ 

/ij 7iRW"[XA(iR,fl)] max 1 ' 

and/ vis (0) and / IR (0) are the integrated apparent intensities 
in the scattered and thermal energy distributions of the 
coma, respectively, for the scattering angle 0. During the 
period from / = -20 days to t = +30 days, 0 decreased 
from 166° to 1 18°, These scattering angles are in the side- 
scattering regime where the scattering phase function of 
comet dust is essentially flat (see Paper I, Fig. 8), and the 
albedo for a coma in which the grains are not varying in 
size and composition will be nearly constant such that 
A(0) A. Therefore, we conclude that the variations in 
A for P/Halley that occurred during the outbursts repre- 
sented actual changes in the mineral composition and/or 
the size distribution of the coma grains. Since f{0)< 1 
for all the measurements in question here, A (0) ~ 
f{9) * QscJQ'- As grain size decreases, the emission 
cross section Q t decreases rapidly compared to the scat- 
tering cross section 2 scatt (see Gilman 1974). Therefore, 
/(0) for the coma will increase as the optically important 
grains decrease in size. We conclude that the increase in 
A seen during the outbursts near perihelion in Comet 
P/Halley can be explained entirely by the dominance of 
the thermal infrared emission by small grains in the 
ejected material. 


The increase in the infrared luminosity L( IR) during 
the primary outburst is generally consistent with an in- 
crease in the mass loss rate of solids with respect to the 
quiescent value. We note that the total IR luminosity rose 
again during the secondary outburst. In paper I we showed 
that for small silicate grains where the emission efficiency 
is proportional to the grain radius a (Gilman 1974), the 
apparent infrared intensity of the coma is directly propor- 
tional to the total mass M gr of the grains, 


4(IR) « 


r 4 A ’ 


(5) 


where M v is the total mass of the coma in grains and </> 
is the diameter of the beam used to observe the coma. We 
conclude that the increase in infrared luminosity during 
outbursts is caused by increased mass loss. A remarkable 
aspect of the primary outburst is that it immediately pre- 
ceded a pronounced increase in the water production 
rate observed by the Pioneer Venus spacecraft (Fig. If). 
Since the Pioneer Venus had a field of view of about 1°, 
and the travel time across the field for outflowing water 
molecules is many days, the ~3-day phase lag between 
the infrared outburst, which was observed in a beam —200 
times smaller, and the increase in water production is not 
unexpected. We suggest that the primary outburst seen 
in the infrared commencing at / « 0 marked the onset of 
the increased water production rate which reached its 
peak value on Day 3 as seen by Pioneer Venus. Both the 
water production rate and the IR luminosity remained 
high for «30 days following perihelion. Green and Morris 
(1987) found that the integrated visible magnitude of 
P/Halley’s coma varied asymmetrically with respect to 
perihelion passage, with the comet being significantly 
brighter for t > 0. 

Our observation of outburst activity from the nucleus 
of P/Halley is consistent with the interpretation that the 
infrared variations in P/Halley result from rotation of 
the nucleus presenting active and passive surfaces to 
the Sun. Both Giotto images (Keller et al. 1986) and the 
groundbased 10-^tm infrared images made during the 
Giotto passage by Hayward et al. (1986) suggest the pres- 
ence of localized active jets on P/Halley's nucleus which 
could account for such behavior. Sekanina (1986) and 
Sekanina and Larson (1986)j)resented a photographic im- 
age of P/Halley taken on 1986 February 22 UT that shows 
multiple tail streamers. Sekanina’s analysis of these struc- 
tures suggested that they may have resulted from out- 
bursts from discrete dust sources on the nucleus during 
the period from t = —11.0 ± 0.2 days to t = +3.2 ±0.1 
days, including events at t = +0.3 ± 0.2 days and t = 
+0.9 ± 0.2 days. It seems reasonable to conclude that 
the primary infrared outburst we report here was associ- 
ated with the production of the dust in some of the stream- 
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ers that were eventually observed on 1986 February 22 
UT. The physical properties of P/Halley's perihelion out- 
burst are similar to those of the comae of IR Type II 
comets, suggesting that at least some of these comets 
may be characterized by persistent outburst activity as 
compared to IR Type I comets where the outburst activity 
may be low. 

IV. CONCLUSIONS 

We find that the nucleus of Comet P/Halley 1986 III 
emitted a large burst of small dust grains during a 3-day 
period commencing within hours of perihelion passage on 
1986 February 9.46 UT. The outburst was characterized 
by significant increases in the coma’s grain color tempera- 
ture, superheat, 10-/xm silicate emission feature strength, 
albedo, and infrared luminosity. These changes are all 
consistent with the sudden ejection from the nucleus of 
a cloud, or jet, of grains with radii smaller than a —0.5 
ju,m. This outburst may have produced the dust that was 
responsible for some of the tail-streamers photographed 
on 1986 February 22 UT. The peak of the dust outburst 
occurred about 3 days before a pronounced increase in 
the water production rate measured by the Pioneer Venus 
Orbiter Ultraviolet Spectrometer. A secondary outburst 
with similar infrared characteristics occurred about 18 
days after perihelion passage. We suggest that jets that 
release large quantities of small particles may be largely 
responsible for some of the variable infrared behavior that 
has been reported for P/Halley and other comets during 
the past two decades. Such jets may also account for 
some of the differences between IR Type I and IR Type 
II comets. 
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We report postperihelion imaging of the dynamically new Comet 
Austin (1989cl = 1990V) obtained with the UCSD mid-infrared 
astronomical camera (the “Golden Gopher”) during five nights in 
May 1990. The 64 x 16 array format of the camera covered 53 
x 13 arcsec of the sky. The images were taken through a wide 
9- to 12-/jtm filter and a narrower 8- to 9 -/im filter. During the 
observing run, the heliocentric distances ranged from 0.8 to 0.9 
AU and the geocentric distance ranged from 0.5 to 0.4 AU. The 
inner (16 x 4) x 10 3 km of the coma was sampled with a linear 
resolution of 290-220 km per pixel. The images obtained on the 
same night looked similar and were combined together to enhance 
the signal-to-noise ratio in the coadded images. No jet- or shell- 
like structures are observed. The coma is slightly elongated along 
the projected Sun-Comet direction, but there is no systematically 
higher intensity sunward over anti-sunward. Radial brightness 
profiles correspond to the steady-state model approximation of r 1 
up to an angular distance of 4—5 arcsec (1—1.5 x 10 3 km) from 
the nucleus but steepen to r" 1 25 at larger distances. This is consis- 
tent with the presence of fading grains in the close vicinity of 
the cometary nucleus. The thermal infrared flux measured in the 
images decreases as R ~ 5-5 with the heliocentric distance, suggesting 
a R ~ 3 dependence of the dust production rate. The estimated mass 
loss rate was 1 x 10 6 g/sec on May 6 and 5.7 X 10 5 g/sec on May 
12, giving a dust-to-gas ratio of 0.25. A map of the spatial behavior 
of the silicate emission in the coma was generated by comparison 
of the images obtained on May 12 through the two different filters. 
This shows a peak in the sunward direction at a distance of 
1.5-2 x 10 3 km from the nucleus. The results presented here are 
the first application of the Golden Gopher camera in cometary 
research and they demonstrate the potential of mid-infrared array 


technology, enabling further insight into the nature, properties, 
and evolution of comets. © 1993 Academic Press, Inc. 


INTRODUCTION 

Comets occupy a special place in the study of the 
cosmic history of the Solar System because they are 
believed to be the most primitive, least altered objects 
in the Solar System and contain volatile material from 
gold regions of the protosolar nebula and remnants of 
preserved interstellar material (Delsemme 1991). Comets 
also bear evidence of their own formation and evolution 
as building blocks of planetary material, thus providing 
information about the processes of the Solar System’s 
formation. 

Two-dimensional imaging at visible wavelengths (0.4-1 
lx m) and infrared photometry (1-1000 m) have proven 
to be very useful tools for studying comets (e.g., reviews 
by Jewitt 1991, Hanner 1988). Mid-infrared imaging (3-20 
fim) is a relatively new technique (Telesco et al . 1986, 
Campins et al 1987, 1989, Klavetter and Hoban 1992) 
which combines many of the advantages of both visible 
imaging and single detector infrared photometry (Hanner 
and Tokunaga 1991). 

In the thermal IR the optical depth of cometary emission 
is very low (typically 10“ 5 ). Mid-infrared imaging shows 
the morphology of structures in the coma which is directly 
related to the characteristics of the cometary nucleus. For 
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example, periodicity in the dust activity of a comet can 
be caused either by the rotation of active spots on the 
surface into sunlight or by different cross sections of an 
elongated rotating nucleus with uniform surface charac- 
teristics. The first scenario is more plausible for old 
evolved comets, and the second one for dynamically new 
comets. However, it is not yet known if a permanent 
nonvolatile crust over the nuclear surface can develop 
before the comet enters the inner Solar System (Weissman 
and Stern 1989). Comparative studies of the dust morphol- 
ogy in the comae of old and new comets can shed light 
on this problem. 

Infrared imaging provides spatially resolved informa- 
tion about the temperature, size, physical properties, 
and composition of dust particles in the coma. Both 
remote (e.g., Chyba et al. 1989) and in situ (e.g., 
Fomenkova et al. 1992) measurements show cometary 
dust grains to be mixtures of silicates and organic 
material. They may represent preserved interstellar 
grains (Greenberg and Hage 1990), thus giving an oppor- 
tunity to study this exotic material at close range when 
comets eject dust and gas into the inner Solar System 
during their passage near the Sun. At the same time, 
there is considerable evidence of complex transforma- 
tions of dust in coma after ejection from the nucleus 
(e.g., extended sources of gaseous species — A’Hearn 
et al. 1986, Eberhardt et al. 1987, changes in the size 
spectrum of dust particles with the distance from the 
nucleus — McDonnell et al. 1986, steep surface bright- 
ness profiles in images of comets — Jewitt and Meech 
1987). Spatial and compositional variations in the coma 
can be caused by (a) intrinsic heterogeneity of the 
cometary nucleus (possibly due to primary heterogeneity 
in the protosolar nebula, Fomenkova et al. 1993), (b) 
reworking and restructuring of cometary material after 
its accretion (crust/mantle formation, Houpis et al. 1985, 
Weissman 1986), and (c) disintegration or alteration 
of dust grains in the coma during the approach of a 
comet to the Sun (e.g., Mendis 1991, Fomenkova and 
Chang 1993). Remote observations of signatures of dust 
grains ejected from the nucleus may help to under- 
stand the influence and appearance of these processes 
in comets. 

In this paper we present the first results of cometary 
work with the UCSD mid-IR astronomical camera. Fif- 
teen images of the dynamically new Comet C/Austin 
1989cl = 1990V were obtained postperihelion in May 
1990 (Rand et al. 1990) with a broad 9 to 12-/xm and 
narrower 8- to 9-fjan filter. We discuss the interpretation 
of the data in the context of the issues outlined above and 
compare our results with imaging of Comets C/Wilson 
1987VII (Campins et al. 1989) and C/Levy 1990XX 
(Weaver et al. 1992). 


OBSERVATIONS 

The Instrument 

The UCSD mid-infrared camera, known as the “Golden 
Gopher,” uses a GenCorp Aerojet 64 x 20 element Si : As 
Impurity Band Conduction (IBC) array bonded to a direct 
readout MOS-FET multiplexer. The optics are gold- 
coated reflecting surfaces at liquid helium temperature 
and the array is operated at 10 K. A blocking filter at the 
Lyot stop defines the wavelength bandpass. The camera 
provides good sensitivity from 5 to 27 with typical 
sensitivity of 25 mJy/arcsec 2 at 10 using a l-/xm band- 
width for S/N = 1 in 1 min. The platescale is 0.83 arcsec/ 
pixel with the 64 columns x 16 rows of the array in use, 
spanning 53 x 13 arcsec. A detailed description of the 
camera is given by Pina et al. (1993). The characteristics 
of this infrared camera (e.g., its spatial resolution and 
sensitivity) make its capabilities similar to those achieved 
for visible wavelength instrumentation and enable us to 
apply the data reduction techniques previously developed 
for optical wavelengths. 

The data present in this paper were obtained with the 
Golden Gopher at the Mt. Lemmon Observing Facility 
(9000 feet, 30 miles north of Tucson, AZ) using the 1.5- 
m telescope operated jointly by the University of Califor- 
nia San Diego and the University of Minnesota. The tele- 
scope is optimized for IR work and uses a standard 
thermal infrared observation sky-referencing technique 
(chopping the secondary mirror at 10 Hz and nodding the 
telescope every 20 sec — see Pina et al. (1993)) to subtract 
sky and telescope background. The image spatial resolu- 
tion is limited by diffraction to k/D — 1.5 arcsec FWHM 
at 10 /itm which is Nyquist sampled by two pixels at the 
given platescale. 

The Infrared Images 

The dynamically new Comet Austin (1989c 1 = 1990V) 
was discovered at a heliocentric distance of 2.4 AU 4 
months before its perihelion passage. Fifteen postperihe- 
lion images of the comet with a broad 9- to 12-/xm and a 
narrower 8- to 9-/xm filter were acquired during five nights 
in May 1990 (Rand et al. 1990). Table I summarizes the 
observing parameters and the Sun-C/Austin-Earth ge- 
ometry. During the observing run, the heliocentric dis- 
tance varied from 0.76 to 0.90 AU and the geocentric 
distance varied from 0.48 to 0.36 AU, resulting in a linear 
resolution at the comet of 290-220 km/pixel or 350-260 
km/arcsec (Table I). The projection of the sunward direc- 
tion onto the sky plane is shown in Figs, la- If, where 
the solid line indicates the sunward direction. 

Both the chop and the nod throw were 45 arcsec for 
all images. Given the exposure time of ~5 min the mean 
surface brightness at the reference position is below the 
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TABLE I 

Parameters of Comet Austin Observations 



Dale (UT) 

Air 

mass 

Filter 

(/xin) 

R 

(AU) 

A 

(AU) 

Elongation 

(degrees) 

Phase 

angle 

(degrees) 

Sun-comet 
projection angle, 
North-to-East 
(degrees) 

Linear resolution 
(km/pixel) 

1 

1990 May 05.51 

1.05 

9-12 

0.758 

0.479 

46.0 

106.9 

101.35 

288 

2 

1990 May 05.53 

1.20 








3 

1990 May 06.49 

1.05 

9-12 

0.779 

0.461 

47.9 

106.0 

98.76 

277 

4 

1990 May 06.51 

1.15 








5 

1990 May 06.52 

1.30 








6 

1990 May 06.53 

1.50 








7 

1990 May 08.48 

1.05 

9-12 

0.820 

0.427 

52.1 

103.6 

93.77 

257 

8 

1990 May 08.50 

1.15 








9 

1990 May 08.51 

1.30 








10 

1990 May 08.53 

1.52 








11 

1990 May 11.49 

1.10 

9-12 

0.880 

0.377 

59.4 

98.9 

86.58 

227 

12 

1990 May 11.52 

1.30 








13 

1990 May 12.45 

1.01 

9-12 

0.900 

0.362 

62.1 

97.1 

84.33 

218 

14 

1990 May 12.47 

1.05 

8-9 







15 

1990 May 12.50 

1.15 

8-9 








sensitivity of the camera and, hence, we do not expect 
this method of sky subtraction to bias our results. 

The primary data reduction included a few technical 
operations which are basically the same for all images 
obtained with the “Golden Gopher”: removal of bad pix- 
els, removal of a half pixel shift between the upper and 
lower halves of the array, occasional background correc- 
tion, and column noise rejection. The variations in pixel- 
to-pixel sensitivity of the array are ~5% and do not exceed 
10% (Pina et al. 1993). Sky images simultaneous with 
cometary observations were used for producing flat fields 
to correct for these variations. Flux calibrations were 
obtained by imaging the stars (3 Peg, a Lyr, and a Sco. 
We used the data compiled in the Catalog of Infrared 
Observations (Gezari et al. 1984) for the magnitudes of 
these stars. During the observations, the air mass was 
~1, but varying atmospheric conditions limited the accu- 
racy of absolute calibrations at 10-20%. However, none 
of our results depends on a precise knowledge of the 

absolute calibration. 

The finite spatial resolution of cometary measurements 
puts a limit on the time scale of variability of cometary 
activity which can be detected. For an aperture of angular 
size <j> centered on the nucleus, the ' aperture escape 
time,” r (</>), for dust ejected from the nucleus is (Jewitt 
1991) 


where A is the geocentric distance and v d is the velocity 
of dust grains dragged with the gas into the cometary 
coma. In accordance with (Delsemme 1981), 

u gas [km/sec] = 0.581?“ 1/2 [AU], (2) 

with R being the heliocentric distance, and u gas being the 
terminal gas velocity. Finson and Probstein (1968) found 

vjv gas — 0-2 — 0.8, (3) 

depending on the particle size and density and the total 
dust-to-gas ratio. The terminal speed of dust particles is 
reached within 20 radii of the nucleus (~200 km), which 
is smaller than the linear pixel size (see Table I). Assuming 
vjv gas = 0.5, we find 

r(<f>) [hr] = 0.35 x 4>[arcsec] A [AU] R m [AU]. (4) 

For the Comet Austin observations presented here R = 
0.8 AU, A = 0.4 AU (see Table I), and <f> = 53 x 13 
arcsec (RA x Dec), yielding aperture escape times of 
6.6 and 1.6 hr in each direction, respectively. Therefore, 
images obtained on different nights are not expected to 
appear the same, unless the dust ejection is isotropic and 
constant. 

In accordance with Eq. (4), the two-pixel (minimal reso- 
lution element) crossing time is only 0.4 hr; i.e., each 
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b) UT 1 990 May 06.5 E 



c) UT 1990 May 08.5 e 



Peak = 

0.80 Jy/arcsec 2 

Filter * 

9-J2 micron 


Peak = 

0.70 Jy/arcsec 2 

Filter = 

9-12 micron 


Peak = 

0.42 Jy/arcsec 2 

Filter = 

9-12 micron 


N 



e) UT 1990 May 12.5 



d) UT 1990 May 11.5 E J 



N 


f) UT 1990 May 12.5 E 



Peak = 

0.21 Jy/arcsec 2 

Filter = 

8-9 micron 


FIG. 1. (a-f) Coadded images of Comet Austin. Images are oriented north-up and east-left, with the length of the fiducial marks denoting 5 
arcsec. The origin of coordinate system is located at the brightest pixel of each image and is marked by a cross. Contours are drawn at 90, 70, 
50, 30, and 10% level of the peak. The solid line through the peak shows the sunward direction in each image. The cross cuts in (a) correspond 
to radial brightness profiles shown in Fig. 2a. 


image represents a snapshot of the cometary activity for 
the previous 2-6 hr with a time resolution of 25 min. 
Images obtained on the same night with 35- to 40-min 
intervals (see Table I) appear similar within the accuracy 
of the data, which implies that the dust production rate 
did not exhibit variations or outbursts faster than time 
scales of a few hours. This enabled us to combine images 
from the same night together to enhance the signal-to- 
noise ratio in the resulting coadded images. 

RESULTS 

Overall Morphology 

The combined images (see Fig. la-10 sample the inner 
(3. 5-4.0 x 14-18) 10 3 km of the coma. At this distance, 
dust grains are decoupled from the gas. Dust particle 
trajectories are determined by their terminal velocities 
and by accelerations due to solar gravity and solar radia- 


tion pressure. Comet Austin was noted by other observers 
as a “well-behaved” comet (Schleicher et al . 1990, Mere- 
dith et al. 1992), having a symmetric spherical coma in 
the UV and visible images and a smooth gas outflow. In 
contrast, our 10-/im images show a coma which is slightly 
elongated along the Sun-comet line. We believe that this 
asymmetry is real and not a result of imprecise telescope 
tracking. The comet was moving fast (1-2 arcsec in RA 
and 0.5-1 arcsec in Dec per nod period), and the position 
of the telescope on the comet was verified only between 
nods. However, the angle between the vector of the comet 
drift and the Sun-comet direction was about 30° during 
the observations and this does not coincide with the direc- 
tion of the elongation. 

Except for the coma elongation, the thermal infrared 
images exhibit a simple morphology similar to UV and 
visible images — there is no pronounced jet- or shell-like 
structures whose periodic occurrence could help in de- 
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FIG. 2a. Radial brightness profiles for the cross cuts from Fig. la. 


termining the rotation period. 1 * * However, the images do 
look different from night to night and the shape of even 
the innermost brightest region appears to vary randomly. 
Fluctuations of the image morphology suggest that the 
emission from the surface of the nucleus was not uniform, 
but probably was rapidly changing as upper layers were 
blown away with the gas. The emission may have con- 
sisted of a large number of microjets indistinguishable as 
separate events from groundbased observations, but still 
influencing the overall appearance of the coma. Other 
evidence of a rapidly changing surface layer of the Comet 
Austin nucleus is given by Hoban et al. (1991), who found 
that mixing ratio of methanol to water was —5 times larger g* 
in the beginning of May than 3 weeks later. 

An absence of distinctive dust phenomena in Comet 
Austin may be intrinsic to all new comets. For example, 
the thermal infrared images of the dynamically new Comet 
Wilson obtained with the NASA/MSFC bolometer (Cam- 
pins et al. 1989) with a linear resolution of -5600 km/ 
pixel, covering — 10 5 km of the coma, looked the same 
from night to night and did not show any irregular out- 

1 The image of May 05 (Fig. la) is an exception as it seems to have 
a jet or outburst stretching ~60° southward from the sunward direction. 

However, the somewhat marginal quality of the data which reflects the 
early engineering status of the camera at the time the observations were 

made mandates caution in interpretation of this data. The presence of 

this feature was not confirmed either by our subsequnt observations or 

by other observers. 


bursts. However, this may be attributed to the large linear 
resolution and hence the large aperture crossing time (-25 
hr) which make changes occurring on a comparable or 
shorter time scale impossible to detect (Jewitt 1991). 

Radial Brightness Profiles 

Six radial brightness profiles have been constructed for 
each of the combined images. The directions of the radial 
cuts through the coma are displayed in Fig. la as lines 
through the center of the image. The resulting profiles for 
this image are shown in the Fig. 2a. Despite the elongation 
of the coma in the sunward direction, no systematically 
higher intensity sunward over anti-sunward was ob- 
served. This is in contrast with other results of imaging 
of comets. Campins et al. (1989) argue that a model of 
dust emission in a 60° beam located 10° eastward from 
the subsolar point provides the best fit to their images of 
Comet Wilson. In the images of periodic Comet Levy 
(Weaver et al. 1992) obtained with the Hubble Space 
Telescope with a linear resolution of 78 km/pixel and 
covering -1.6 x 10 4 km of the coma, the intensity in the 
sunward quadrant was as much as two times higher than 
in the anti-sunward quadrant. Our data show no evidence 
of an azimuthal dependence of the emission. 

Figure 2b shows the average radial brightness profile 
obtained by averaging all profiles from all images. It indi- 



FIG. 2b. Average radial brightness profile. The dotted line shows a 
Mr profile and the dash-dotted line shows a 1/r profile convolved with 
the instrumental point spread function. The dashed line shows r -125 
dependence. 
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cates a r ~ 1 brightness dependency on radial distance, con- 
sistent with a steady-state model (Gehrz and Ney 1992), 
up to an angular distance r = 4-5 arcsec (1-1.5 x IO 3 
km) from the nucleus. In the steady-state model approxi- 
mation, the dust production rate and the particle velocity 
do not depend on time, and particles are isotropically 
emitted from the nucleus. The observed flattening of the 
profile near the center of the image is consistent with 
what is expected for a r~ ] profile convolved with our 
instrumental point spread function. 

At a larger distance from the nucleus, the profiles 
steepen to about r~ {25 , which is consistent with the num- 
ber of grains in the coma decreasing faster than the steady- 
state model prediction of r~ 2 . A number of physical pro- 
cesses can be considered to explain the observed gradient 
of the brightness profiles, including the influence of solar 
radiation pressure, temporal variations in the dust loss 
rate, and the presence of fading grains in the coma. Jewitt 
and Meech (1987) have noted a steepening of profiles in 
many comets and explained it by shaping of the coma by 
solar radiation pressure. However, the radial distance at 
which this dynamical effect becomes important is typi- 
cally —3-5 x 10 4 km. Since this scale is much larger than 
the spatial range covered by our images, solar radiation 
pressure could not cause the observed radial dependence. 
The resemblance of the profile gradients obtained on dif- 
ferent nights practically rules out the possibility of signifi- 
cant changes in the dust loss rate. Thus, the more plausible 
hypothesis is that some of the grains are vanishing as they 
flow out from the comet. The presence of fading icy grains 
and processes of their sublimation in cometary comae 
have been considered by Delsemme and Miller (1971), 
Hanner (1981), Lichtenegger and Komle (1991). 

Lichteneggerand Komle (1991) showed that the lifetime 
of 100-/xm icy particles in the space environment at 1 AU 
from the Sun varies from 4.8 to 0.7 hr when the proportion 
of organic matter mixed with water ice varies from 1 to 
50% and achieves 3000 years for a pure H 2 0 ice. This 
estimate is significantly longer than the results of Hanner 
(1981, based on another vapor pressure formula) and gives 
rise to the possibility of icy grains in comets surviving up 
to a radial extent of —1.0- 1.5 x 10 3 km. However, to 
radiate effectively in the thermal infrared at 10 p m, the 
fading grains should have a temperature of —300 K. Lich- 
tenegger and Komle (1991) estimated temperature of sub- 
limating H 2 0 ice particles near 1 AU to be -180-200 K, 
which makes their contribution too small in comparison 
with warmer mineral dust grains. On the other hand, the 
fading grains can be made up of organic polymers more 
refractory than water ice which can reach a higher temper- 
ature of —300 K (see discussion by Mitchell et al 1992). 
In situ studies of Comet Halley dust grains showed that 
stable cometary grains encountered at 1-5 x 10 4 km from 
the nucleus had a considerable organic component (Kissel 


et al 1986). The proportion of grain having organic com- 
ponent decreased with an increase of the distance from 
the nucleus (Fomenkova et al. 1993), which suggests the 
decomposition of organic matter in the coma. The evapo- 
ration of the organic grains in Comet Halley was proposed 
to provide an extended source of some gaseous species: 
C + (Balsige*- et al 1986), CO (Eberhardt et al 1987), 
CN (A’Heam et al 1986), and more complex heavy ions 
(Mitchell et al 1992). Meredith et al (1992) discussed the 
possible presence of decomposing organic grains in Comet 
Austin to explain their observations of CN and C 2 abun- 
dances. We conclude that the observed brightness profiles 
represent evidence of evaporating organic grains in the 
coma of Comet Austin. 

Heliocentric Dependence of the Thermal Flux 

The majority of our images were obtained with a broad 
9- to \2-pm filter bracketing the peak in blackbody emis- 
sion. Thus, the integrated flux in the images should be 
roughly proportional to the total thermal emission, 




a 2 Q e (a)<rl* bs (a) 


fia) da, 


for a circle aperture of diameter cf> (Gehrz and Ney 1992), 
or 


= In(l +V2)^Nf - Qe (a) °^ (a) jl a ) da (6) 
A J u d (<3 ) 

for a square aperture of size </>. Expressions (5) and (6) 
are derived for the steady state model, N is the dust 
production rate, a is the grain radius, Q t (a) is the Planck 
emission coefficient of the grain, cr is the Stefan-Boltz- 
mann constant, T obs is the observed grain temperature, 
and f{a) is the particle size distribution. Figure 3 presents 
the dependence of flux (multiplied by the geocentric dis- 
tance) on the heliocentric distance for different aperture 
sizes. Typically, the total thermal infrared flux in comets 
is predicted to vary with the heliocentric distance as R~ 4 
(Ney 1982). The measured flux in the Austin images varies 
as R~ 55 and can be factored as follows. An R~ 2 depen- 
dence is caused by the temperature decrease resulting 
from the energy balance between the power of absorbed 
solar radiation and the power emitted by grains in the 
thermal infrared: 


4na 2 Q c (a) a P gr = n a 2 Q a (a) . (7) 

Here L sun is the solar luminosity, Qjia ) is the Planck mean 
absorption coefficient averaged over the energy distribu- 
tion of the Sun, and T gr is the local equilibrium tempera- 
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FIG. 3. Dependence of the thermal flux on the heliocentric distance 
for square apertures of a various size. Number at left of each curve is 
the length of the side of the square aperture in arc sec. Uncertainties 
in the flux are about 15%. The dash-dotted line is the least squares 
approximation to the slope of the curves showing the 5 dependence 
of the flux. 


ture. Gehrz and Ney (1992) and Hanner et al. (1993) re- 
ported that for Comet Austin the observed temperature 
of dust grains T obs was close to 7" gr . An additional R ~ 05 
dependence in the flux is expected due to the decrease 
of the grain terminal velocity as follows from Eqs. (2)-(3). 
The remaining heliocentric dependence of the flux can be 
accounted for if the dust production rate TV falls as R \ 
The slope of - 3 of the dust production rate is consistent 
with the -2.75 value found by Schleicher et al. (1990) 
and with the -3.1 slope of the water production rate 
(Schultz et al. (1993). Hasegawa and Watanabe (1992) 
attributed such a fast drop of the activity postperihelion 
to a formation of a dust mantle layer on the surface of 
the Comet Austin nucleus. The low thermal conductivity 
of this mantle reduces the sublimation rate at the icy 
surface. 

Mass Loss Rate 

The mass loss rate M can be estimated as 

M = jp(a)a 3 ./(a)da, (8) 

where p(a) is the particle density. 

It follows from Eqs. (6) and (8) that the mass production 


rate depends on the assumed particle size, density, and 
velocity distributions. A number of observers (Gehrz and 
Ney 1992, Hanner 1993) have suggested that Comet Aus- 
tin may have the bulk of its mass loss in large particles. 
This is based on the absence of strong silicate emission 
in its spectrum and the low excess of the grains’ color 
temperature above the local equilibrium. Large spatial 
scale observations of the Comet Austin dust tail in the 
3-100-jum range by COBE/DIRBE (Lisse 1992) demon- 
strated that the dust emission of Comet Austin was domi- 
nated by large dark particles >10-100 nm, invisible at 
optical wavelengths. Such a size distribution, weighted 
toward larger grains, may correlate with the featureless 
coma. Laboratory simulation of cometary dust-gas emis- 
sion (KOSI, Thiel et al. 1991) showed that highly active 
regions on the surface of their samples (the analog of jets) 
emit mostly small particles while large particles are more 
slowly and uniformly emitted. On the other hand, the 
relationship between the relatively high abundance of 
large particles in the coma and the previous processing 
history of the nucleus remains unclear. For example, the 
coma of new Comet Wilson was dominated by small parti- 
cles (Hanner and Newburn 1989) as well as the coma of 
old Comet Halley (McDonnell et al. 1991). 

To determine the mass loss rate of Comet Austin we 
used /(a) and p(a) from the model fit to the Comet Austin 
observation obtained by Lisse (1992): 

f(a)~lla, p{a)~a-° 21 , 0. 1 jam < a < 10 4 /xm. (9) 

In comparison with the Halley dust size distribution 
(McDonnell et al. 1991), which varies as a -37 , this size 
distribution is highly dominated by large grains. The parti- 
cle density ranges from 2.5 g/cm 3 for 0.1 ^tm grains im- 
plying solid compact spheres at this end of the size distri- 
bution, to 0.1 g/cm 3 for 10 4 p . m grains implying that large 
particles are fluffy and highly porous. The latter is consis- 
tent with observations of anhydrous interplanetary dust 
particles of possibly cometary origin (Brownlee 1978) and 
with theoretical modeling of cometary dust properties 
(Greenberg and Hage 1990). 

Lisse (1992) deduced a velocity distribution given by 

u(a) y= . 1 (10) 

VR Vp (a)a 

as the best fit to his Comet Austin data. At the large scales 
( 10 6 km) measured by COBE/DIRBE on the Comet Austin 
tail, this velocity distribution is dominated by the interac- 
tion of dust particles with solar radiation and solar gravity. 
Thus, it is not applicable to our images which extend only 
over the inner part of the coma — a region in which dust 
particles interaction with the solar wind is insignificant. 
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Instead, the terminal velocity distribution from Finson 
and Probstein (1968) was adopted. Also, we assumed that 
(?a = Qt = 1* which is appropriate for Comet Austin 
(Gehrz and Ney 1992) because of the predominance of 
large grains in its coma. 

Having adopted the size distribution, particle density, 
and velocity distribution, the total mass loss rate can 
be calculated from Eqs. (6)-(8). The flux within a square 
aperture of 9 x 9 arcsec was used for calculations as 
it is the largest aperture for which the steady-state 
model is still applicable and the effect of grain fading 
is negligible (see Fig. 2b). The resulting calculated mass 
loss rate — 1 x 10 6 g/sec on May 6 is 3 times larger 
than the lower limit estimate of Hanner et al. (1993) 
based on a Halley-type model of small absorbing grains. 
On May 12 we obtained M —5.7 x 10 5 g/sec which is 
comparable with the value 5.1 x 10 5 g/sec from Lisse 
(1992) for May 15. Using the water production rate 
from Schultz et al. (1993) gives a dust-to-gas ratio of 
—0.25 which characterizes Austin as a “dust-poor” 
comet. However, our mass loss rate estimate may also 
be underestimated because the size distribution (9) is 
cut off at 10 4 fim (0.5-g particles) while larger masses 
may have been emitted. 

The Silicate Emission 

Comet Austin had an unusually wide 9- to \2-(im silicate 
emission feature 15-20% above the continuum (Hanner 
et al. 1993) peaking at 1 1 .06 |im, which was quite different 
from that seen in Comet Halley and several other comets. 
In our set of data obtained on May 12, 1990, one image 
was acquired with the broad 9- to 12-/xm filter and two 
images with a narrower 8- to 9-/xm filter. We compared 
the total fluxes measured in the 11 x 11 -pixel (9.1 x 9.1 
arcsec) square aperture in these images with the Comet 
Austin 9-13-/xm spectrum (Hanner et al. 1993) obtained 
on May 6, 1990, by using a 9.4-arcsec-diameter circular 
aperture and converted to the bandpasses of our filters. 
The ratios of 9- to 12-/xm to 8- to 9-fim flux is 2.18 from 
the data of Hanner et al. (1993) and 1.79 from our data. 
This is adequate agreement because the uncertainties in 
our absolute flux calibration were —15-20%. Also, these 
measurements are separated by 6 days, and cometary 
spectra may be quite variable from date to date (Gehrz 
and Ney 1992). 

The ratio of the 9- to 12- and 8- to 9-/xm images was 
examined to determine the spatial distribution of the 
silicate emission in the coma (Fig. 4). Being normalized 
to the maximum, the ratio varies from 1 to —0.3, 
increasing within a —90° angle in the sunward direc- 
tion from the nucleus with the peak at a distance of 
— 1.5-2 x 10 3 km. This implies an enhancement of 
silicate emission in this region. Small grains (<1 M m ) 
are responsible for the presence of the silicate emission 
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FIG. 4. Spatial behavior of the silicate emission feature. Halftone 
image shows the relative strength of the silicate emission. Contours 
show the position of the comet itself and are taken from Fig. If. That 
image was obtained through the 8- to 9-jxm filter characterizing the 
thermal continuum emission. The length of fiducial marks denotes 0.83 
arcsec (the pixel size). 


feature in comets (Gehrz and Ney 1992). There is 
considerable evidence that these grains may be nonuni- 
formly distributed in comae. Infrared photometry of 
Comet Kohoutek (Ney 1974) showed the silicate emis- 
sion feature in its coma and tail (at 5 arcmin from the 
nucleus), but not in its anti-tail (at 11.3 arcmin from the 
nucleus). Imaging of the Comet Halley coma (Campins et 
al. 1987) at 10.8 and 12.8 jjl m indicated a stronger 
silicate emission in the sunward direction than in other 
directions which is consistent with our observations of 
Comet Austin, but they observed the peak emission 
located at the nucleus. We hypothesize that the small 
grains in Comet Austin are relatively more abundant 
in the fresh dust recently emitted from the dayside of 
the nucleus and later get blown away by radiation 
pressure. However, the data on the spatial distribution 
of particles of different size are controversial. Ney 
(1974) suggested that the anti-tail of Comet Kohoutek 
was made up of large particles while Telesco et al. 
(1986) explained the thermal infrared images of Comet 
Giacobini-Zinner by the presence of large particles in 
its tail. Further observations and modeling are required 
for a better understanding of the dust behavior in the 
inner part of cometary comae. 
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SUMMARY 

The Comet Austin observations presented in this paper 
were the first application of the newly built Golden Gopher 
camera to cometary research. From these thermal infra- 
red images obtained with a spatial resolution of 290—220 
km/pixel we have determined the following: 

1. The Comet Austin coma is slightly elongated sun- 
ward, but does not reveal systematically higher sublima- 
tion intensity in the sunward-facing hemisphere. No jets 
or other distinctive dust phenomena were observed. 

2. The radial brightness profiles follow a 1/r depen- 
dence of the steady-state model approximation up to 4-5 
arcsec from the nucleus and become steeper afterward 
which is consistent with the presence of fading grains in 
the coma. 

3. The thermal infrared flux in the images decreases as 
R~ 5 5 with the heliocentric distance which results in a.R~ 3 
dependence of the dust production rate. 

4. The mass loss rate, estimated for a size distribution 
dominated by large grains, gives a dust-to-gas ratio of 
0.25, which characterizes Comet Austin as a “dust- 
poor,” “gassy” comet. However, the estimate of dust 
mass loss is model dependent and represents a lower 
estimate since the grain size distribution was cut off at 
10 4 ju.m. 

5. The ratio of the 9- to 12-/xm image to the 8- to 9-/xm 
image samples the spatial behavior of the thermal silicate 
emission. The silicate emission peaks at 1.5-2 x 10 3 km 
from the nucleus in the sunward direction, which suggests 
that the small silicate grains (< 1 jum) responsible for the 
silicate feature prevail on the dayside of the nucleus. This 
is the only clearly asymmetrical feature observed in the 
coma of this comet. 

High-resolution thermal infrared imaging of Comet 
Austin has provided spatially resolved information about 
the distribution of dust grains in its coma. How do these 
data specifically characterize Austin as a dynamically new 
comet making its first passage through the inner part of 
the Solar System? Smooth isotropic emission and the 
absence of jets may be a typical feature of a new comet 
if one suggests that repeated passages of the comet 
through the Solar System play a more important role in 
differentiating the surface of its nucleus than the time 
spent in the Oort cloud. The presence of fading, possibly 
volatile organic grains may also be expected for a new 
comet containing an outer layer of active fresh material. 
The sharp decrease in activity postperihelion is typical 
for many new comets and may be due to the formation 
of a dust mantle on the surface of their nuclei. Continuing 
work with mid-infrared array imaging will contribute fur- 
ther to our understanding of cometary origin and evo- 
lution. 
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We report 0.7- to 23-/um observations of P/Halley 1986 III 
and six other recent bright comets. P/Halley was measured on 47 
occasions between 1985 December 12 UT and 1986 May 6 UT, 
several times within hours of the perihelion passage on 1986 Febru- 
ary 9 UT. Our data show that the strength of the 10-/xm silicate 
emission feature and the temperature excess (superheat; S = 
^obs^BB) °f the infrared continuum emission are strongly corre- 
lated. IR Type I comets have low continuum superheat and muted 
or undetectable silicate emission features, suggesting that the coma 
emission from these comets is produced by large grains with radii 
larger than 1 /«n. IR Type II comets have superheated thermal 
infrared continua and high -contrast silicate emission features, indi- 
cating that the coma emission is from small grains with radii 
between 0.5 and 1 /itm. Both types of behavior were exhibited 
by Comet P/Halley at various times. The relationship between 
superheat and 10-/bim silicate emission may be complex, for al- 
though the strength of these quantities was generally strongly corre- 
lated, several comets exhibited occasional episodes when superheat 
and silicate emission were not correlated. P/Halley’s dust coma 
had an average albedo of 0.20 at a scattering angle of 130°. Our 
data show that the scattering phase function for typical comet dust 
is characterized by a moderately strong forward scattering peak, 
no appreciable backscattering peak, a mean bolometric albedo of 
='0.32, and an albedo of =^0.15 for scattering angles between 120° 
and 180°. These characteristics are consistent with laboratory and 
theoretical results for nonspherical and “fluffy” core-mantle ag- 
gregate grains. P/Halley’s 10-ptm silicate signature showed signifi- 
cant variations in strength and was occasionally weak or absent at 
heliocentric distances both smaller and larger than 1 AU. Simulta- 
neous measurements of P/Halley and Bradfield 1980 XV with 
different diaphragms are generally consistent with the steady-state 
model for nuclear ablation. P/Halley’s coma luminosity fluctuated 
by a factor of nearly 10 on time scales of 1 to 2 days. These variations 
are consistent with jet-like activity probably associated with nuclear 
rotation. Dust mass loss rates for the comets studied here are esti- 
mated, and we conclude that P/Halley was losing >10 6 g sec -1 of 
dust at a heliocentric distance of 1 AU. © 1992 Academic press, inc. 


I. INTRODUCTION 

Infrared observations of comets can yield fundamental 
information about the composition and structure of astro- 


physical dust grains. Comet nuclei are believed to contain 
samples of the primary solid and condensible constituents 
of the primitive Solar System frozen in the state in which 
they were trapped during the epoch of comet nucleus 
formation. During perihelion passage, this primordial ma- 
terial can be studied by modern-day observers as the 
nucleus is ablated by sunlight to form the coma and tail. 
More than 20 years ago, observations of Comet Ikeya- 
Seki by Becklin and Westphal (1966) first showed that 
comets are strong infrared sources because of thermal 
emission from dust grains that are driven away from the 
nucleus by the evaporation of volatiles such as water and 
carbon dioxide ices. We subsequently observed many 
bright comets to define the properties of cometary grains 
and study the characteristics of the ablation of comet 
nuclei (Maas et al 1970, Ney 1974a, 1974b, 1982a, Gehrz 
et al, 1989, and Hanner et al. 1990). Our investigations 
were based on measurements of the reflected and ther- 
mally reradiated energy from grains in comet comae, tails, 
and the antitail of Comet Kohoutek. Comets are especially 
important because they present the only case in which the 
light scattering phase function of astrophysical grains can 
be determined with reasonable certainty. Their heliocen- 
tric and geocentric distances, and hence their scattering 
angles, can be determined. 

In this paper, we present 0.7- to 23-ju,m infrared photom- 
etry of P/Halley 1986 III and six other recent bright com- 
ets, and we discuss the data in the context of our previous 
infrared studies of comets. 

II. THE OBSERVATIONS 

We used broadband optical/infrared photometers that 
measure from 0.7 to 23 micrometers mounted on the Uni- 
versity of Minnesota (UM1, UM2) O’Brien 0.76-m tele- 
scope, the Wyoming Infrared Observatory (WIRO) 
2.34-m telescope, and the UM Mount Lemmon Observing 
Facility (MLOF) 1.52-m telescope to measure Comet 
P/Halley 47 times between 1985 December 12 UT and 
1986 May 6 UT. Data for six other recent bright comets 
that we observed near perihelion passage are presented 


0019-1035/92 $5.00 

Copyright © 1992 by Academic Press, Inc. 

All rights of reproduction in any form reserved. 


162 



P/HALLEY AND SIX BRIGHT COMETS 


163 


here for comparison. These were Comets Kobay- 
ashi-Berger-Milon 1975 IX (KBM), Bradfield 1980 XV 
(1980t), Austin 1984 XIII (19841), Machholz 1985 VIII 
(1985e), Austin 1989c y (designated 1990 V after this paper 
went to press), and Brorson-Metcalf 1989 X (BM). The 
photometric results and important parameters related to 
the analysis presented below are summarized in Tables 
I-IV, and Appendix C (Table C-I). The photometric sys- 
tems, magnitude scales, and absolute flux calibrations for 
the UM and MLOF measurements were described by 
Ney (1974a). Gehrz et al. (1974, 1987) described these 
parameters for the photometric system used at WIRO. 
Comments on a preliminary reduction of a subset of the 
P/Halley data were presented by Gehrz and Ney (1986). 
Ney (1982a) discussed the initial analysis of the data on 
Comets KBM and Bradfield 1980 XV. On three occasions, 
simultaneous measurements were obtained with the UM 
and WIRO telescopes using different beam diameters. 
The O’Brien and WIRO telescopes were the only infrared 
telescopes in the world that monitored P/Halley from mid 
January to late February 1986 III during its perihelion 
passage. 

Nearly all the measurements made at WIRO were ob- 
tained using a telephone observing link enabling us to 
control the computer-operated Wyoming Infrared Tele- 
scope (Gehrz and Hackwell 1978) remotely from the Uni- 
versity of Minnesota. All data acquisition parameters and 
telescope control functions were commanded by the re- 
mote observer over two 2400-Baud telephone lines, and 
a third telephone line was used to communicate with an 
on-site assistant whose main task was to center offset 
guide stars on a reticle upon request. A continuous 
stripchart of the infrared-detector output enabled the re- 
mote observer to center sources in the photometer beam 
and monitor data acquisition. Automatic searching and 
peaking routines were used to find bright objects and to 
keep them centered. This system is, to our knowledge, 
the first substantial demonstration of the routine use of 
remote control to obtain data from a groundbased optical/ 
infrared telescope. 

Data in Table II are raw magnitudes corrected only for 
atmospheric extinction. These data are uncorrected for 
the contribution of the coma emission in the reference 
beam. Since the coma is extended, the beam-switching 
technique we employed in taking our data automatically 
subtracts the coma emission in the reference beam from 
the coma emission in the source beam. Correction factors 
which must be applied to reconstruct the full signal that 
would have been observed in the source beam if the refer- 
ence beam had been placed off the coma depend on the 
surface brightness distribution of the coma. The correc- 
tion factors used in the quantitative analysis described 
below are derived in detail in Appendixes A and B and 
are supplied in Tables I and III. Several of the photome- 


ters had square diaphragms as noted in the footnotes to 
Tables I and II. We derived the equivalent circular aper- 
ture diameters cited in Table I (column 12) and Table II 
(column 6) by comparing the integrated fluxes that would 
be observed in circular and square diaphragms using the 
r~ ] coma surface brightness distribution given by the 
steady-state model described in Appendix A. 

All three tables contain five identical leading columns 
that serve to characterize the observations on each date: 
column 1, a chronological observation number; 2, the UT 
observation date; 3, the Julian date of the observation; 4, 
the UT time of each observation in decimal days with 
respect to perihelion passage ( t - 0) where negative and 
positive values indicate pre- and postperihelion observa- 
tions, respectively; and 5, the photometric system in use 
at the time of each observation. The remaining columns 
in Table I give the physical parameters of the comet orbit 
computed using the orbital elements given in Appendix C, 
the photometer configuration, and the correction factors 
required to normalize the observations: 6, the heliocentric 
distance r in AU; 7, the geocentric distance A in AU; 8, 
the multiplier to correct the observed coma emission to 
r = 1 and A = 1; 9, the elongation (Sun-Earth-comet) 
angle 0 e , ; 10, the scattering (Sun-comet-Earth) angle 0, 
(11), the phase angle 0 ph (0 ph = 180° - 0); 12, the beam 
diameter 4> in arcseconds (the equivalent circular diameter 
is given for photometers with square beams) ; 1 3 , the chop- 
per throw if; between the source and reference beams in 
arcseconds; 14, the multiplier required tocorrect for coma 
emission in the reference beam; 15, the multiplier to nor- 
malize the coma emission to a circular diaphragm of 20- 
arcsec diameter; and 16, the multiplier that gives the coma 
emission in a standard beam of diameter 20 arcsec cor- 
rected for emission into the reference beam. The re- 
maining columns in Table II give: 6, the diaphragm diame- 
ter (f> in arcseconds (the equivalent circular diameter is 
given for photometers with square beams); 7, the chopper 
throw \jj between the source and the reference beams in 
arcseconds, and columns 8 through 21 , the raw photomet- 
ric magnitudes corrected only for atmospheric extinction. 
The remaining columns in Table III summarize physical 
quantities derived from the data given in Table II, orbital 
parameters computed using the orbital elements given in 
Appendix C (Table C-I), and the correction factors de- 
rived in Appendixes A and B: 6, r; 7, A ; 8, the temperature 
^BB of a black conducting sphere at heliocentric distance 
r\ 9, the measured infrared color temperature T'obs of the 
comet’s continuum emission; 10, the superheat S of the 
continuum emission; 1 1 , the observed apparent maximum 
emission from the infrared continuum [\/ x (IR)] max in 
W cm" 2 ; 12, the observed apparent maximum emission 
from the scattered solar component [A f K (V)] max in 
W cm" 2 ; 13, the albedo A(8) of the coma at the scattering 
angle 0 from Eq. (6); 14, the equivalent blackbody angular 
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TABLE I 

Optical and Observational Parameters for Comet P/Halley and Six Other Bright Comets 


(1) 

# 

(2) 0) 

JD 

UT DATE 2,440,000+ 

(4) 

Days from 
Perihelion 

(5) 

SYSTEM 

(6) 

r 

AU 

(7) 

A 

AU 

(8) 

l 

r 4 A 

(9) 

e. 

deg 

(10) 

e 

deg 

(11) (12) 

♦ , 

deg arcsec 

(13) 

Y 

arcsec 

(14) 

(15) 

20 

T 

(16) 

£9ttki P/HMv 1986JH 

1 12.11 Dec, 1985 6411.61 

-5935 

UM2 

1.32 

0,77 

0.43 

97 

132 

48 

22.5 

30 

1.23 

0.89 

1.09 

2 

13.06 Dec, 1985 

6412.56 

-58.40 

UM2 

1.30 

0.79 

0.44 

94 

131 

49 

22.5 

30 

1.23 

0.89 

1.09 

3 

14.01 Dec, 1985 

6413.51 

-57.45 

(JM2 

1.29 

0.80 

0.45 

92 

130 

50 

22.5 

30 

1.23 

0.89 

1.09 

4 

25.00 Dec, 1985 

6424.50 

-46.46 

UM2 

i.n 

1.02 

0.65 

68 

125 

55 

22.5 

30 

1.23 

0.89 

1.09 

5 

30.00 Dec, 1985 

6429.50 

-41,46 

UM2 

1.04 

1.12 

0.76 

59 

126 

54 

22.5 

30 

1.23 

0.89 

1.09 

6 

1.01 Jan, 1986 

6431.51 

-39.45 

UM2 

1.01 

1.16 

0.83 

56 

127 

53 

22.5 

30 

1.23 

0.89 

1.09 

7 

7.89 Jan, 1986 

6438.39 

-32.57 

UM2 

0.90 

1.29 

1.18 

44 

130 

50 

22.5 

30 

1.23 

0.89 

1.09 

8 

11.1 Jan, 1986 

6441.60 

-29.36 

WIRO 

0.86 

1.34 

1.36 

40 

133 

47 

5 

16 

1.08 

4.00 

4.32 

9 

11.9 Jan, 1986 

6442.40 

-28.56 

WIRO 

0.85 

1.35 

1.42 

38 

134 

46 

5 

17 

1.08 

4.00 

4.32 

10 

12.0 Jan, 1986 

6442.50 

-28.46 

UM2 

0.84 

1.48 

1.48 

38 

134 

46 

22.5 

30 

1.23 

0.89 

1.09 

1! 

12.7 Jan, 1986 

644320 

-27.76 

WIRO 

0.84 

1.36 

1.48 

40 

135 

45 

5 

18 

1.07 

4.00 

4 28 

12 

12.7 Jan, 1986 

6443.20 

-27.76 

WIRO 

0.84 

1.36 

1.48 

40 

135 

45 

5 

18 

1.07 

4.00 

4.28 

13 

12.8 Jan, 1986 

6443.30 

-27.66 

WIRO 

0.84 

1.36 

1 48 

40 

135 

45 

2.2 

18 

1.03 

9.09 

9.36 

14 

12.8 Jan, 1986 

6443.30 

-27.66 

W]RO 

0.84 

1.36 

1.48 

40 

135 

45 

3.3 

18 

1.05 

6.06 

6.36 

15 

12.9 Jan, 1986 

6443.40 

-27.56 

WIRO 

0.84 

1.36 

1.48 

40 

135 

45 

8.3 

18 

1.13 

2.41 

2.72 

16 

26.8 Jan, 1986 

6457.30 

-13.60 

UM2 

0.66 

1.54 

3.42 

17 

154 

26 

22.5 

30 

1.23 

0.89 

1.09 

17 

9.75 Feb, 1986 

6471.25 

+00.29 

UM2 

0.59 

1.54 

5.36 

8.5 

166 

14 

22.5 

30 

1.23 

0.89 

1.09 

18 

9.83 Feb, 1986 

6471.33 

+00.37 

WIRO 

0.59 

1.54 

5.36 

8.5 

166 

14 

8.3 

18 

1.13 

2.41 

2.72 

19 

9.85 Feb, 1986 

6471.35 

+00.39 

UM2 

0.59 

1.54 

5.36 

8.5 

166 

14 

22.5 

30 

1.23 

0.89 

1.09 

20 

10.72 Feb, 1986 

6472.22 

-MJ1.26 

UM2 

0.59 

1.54 

5.36 

9.5 

164 

16 

22.5 

30 

1.23 

0.89 

1.09 

21 

10.77 Feb, 1986 

6472.27 

401.31 

UM2 

0.59 

1.54 

5.36 

9.5 

164 

16 

22.5 

30 

1.23 

0.89 

1.09 

22 

11.88 Feb, 1986 

6473.38 

402.42 

WIRO 

0.59 

1.53 

5.39 

11 

162 

18 

8.3 

20 

1.12 

2.41 

2.70 

23 

12.67 Feb, 1986 

6474.17 

403.21 

UM2 

0.59 

1.52 

5.43 

12 

160 

20 

22.5 

30 

1.23 

0.89 

1.09 

24 

12.74 Feb, 1986 

6474.24 

403.28 

UM2 

0.59 

1.52 

5.43 

12 

160 

20 

22.5 

30 

L23 

0.89 

1.09 

25 

14.67 Feb, 1986 

6476.17 

+05.21 

UM2 

0.60 

1.50 

5.14 

15 

156 

24 

22.5 

30 

1.23 

0.89 

1.09 

26 

14.79 Feb, 1986 

6476.29 

405.33 

UM2 

0.60 

1.50 

5.14 

15 

156 

24 

22.5 

30 

1.23 

0.89 

1.09 

27 

21.7 Feb, 1986 

6483.20 

+12.24 

UM2 

0.65 

1.40 

4.00 

24 

141 

39 

22.5 

30 

1.23 

0.89 

1.09 

28 

27.69 Feb, 3986 

6489.19 

418.23 

UM2 

0.71 

1.30 

3.03 

33 

130 

50 

22.5 

30 

1.23 

0.89 

1.09 

29 

27.70 Feb, 1986 

6489.20 

418.24 

WIRO 

0.71 

1.29 

3.05 

33 

130 

50 

8.3 

17.5 

1.13 

2.41 

2.72 

30 

27.75 Feb, 1986 

6489.25 

418.29 

UM2 

0.71 

1.29 

3.05 

33 

130 

50 

22.5 

30 

1.23 

0.89 

1.09 

31 

2.71 Mar, 1986 

6492.21 

+21.25 

WIRO 

0.75 

1.22 

2.59 

37 

126 

54 

5 

5 

1.33 

4.00 

5.32 

32 

2.71 Mar, 1986 

6492.21 

+21.25 

WIRO 

0.75 

1.22 

2.59 

37 

126 

54 

5 

43 

1.03 

4.00 

4.12 

33 

4.64 Mar, 1986 

6494.14 

+23.18 

UM2 

0.76 

1.20 

2.50 

40 

125 

55 

22.5 

30 

1.23 

0.89 

1.09 

34 

6.74 Mar, 1986 

649624 

+25.28 

WIRO 

0.80 

1.13 

2.16 

43 

122 

58 

5 

40 

1.03 

4.00 

4.12 

35 

7.61 Mar, 1986 

6497.11 

+26.15 

UM2 

0.81 

1.12 

2,17 

45 

120 

60 

22,5 

30 

1.23 

0.89 

1.09 

36 

13.62 Mar, 1986 

6503.12 

+32.16 

WIRO 

0.90 

0,97 

1.57 

54 

116 

64 

5 

5 

1.33 

4.00 

5.32 

37 

13.62 Mar, 1986 

6503.12 

+32.16 

WIRO 

0.90 

0.97 

1.57 

54 

116 

64 

5 

20 

1.07 

4.00 

4.28 

38 

15.63 Mar, 1986 

6505.13 

+34.17 

UM2 

0.92 

0.92 

1.50 

58 

115 

65 

22.5 

30 

1.23 

0.89 

1.09 

39 

20.58 Mar, 1986 

6510.08 

+39.12 

UM2 

1.00 

0.80 

1.25 

67 

114 

66 

22.5 

30 

1.23 

0.89 

1,09 

40 

23.5 Mar, 1986 

6513.00 

+42.04 

UM2 

1.05 

0.72 

1.14 

73 

115 

65 

22.5 

30 

1.23 

0.89 

1.09 

41 

25.5 Mar, 1986 

6515.00 

+44.04 

MLOF 

1.08 

0.68 

1.08 

76 

115 

65 

15.2 

23 

1.20 

1.32 

1.58 

42 

28.55 Mar, 1986 

6518.05 

+47.09 

WIRO 

1.13 

0.60 

1.04 

86 

118 

62 

5 

17 

1.08 

4.00 

4.32 

43 

27.3 Apr, 1986 

6547.80 

+76.84 

MLOF 

1.57 

0.69 

0.24 

81 

153 

27 

10 

20 

1.14 

2.00 

2.28 

44 

28.3 Apr, 1986 

6548.80 

+77.84 

MLOF 

1.59 

0.72 

0.22 

136 

153 

27 

10 

20 

1.14 

2.00 

2.28 

45 

1.21 May, 1986 

6551.71 

+80.75 

WIRO 

1.63 

0.80 

0.18 

129 

151 

29 

5 

20 

1.07 

4.00 

4.28 

46 

5.2 May, 1986 

6555.70 

+84.74 

UM2 

1.69 

0.92 

0.13 

122 

150 

30 

22.5 

30 

1.23 

0.89 

1.09 

47 

6.2 May, 1986 

6556.70 

+85.74 

UM2 

1.71 

0.96 

0.12 

121 

149 

31 

22.5 

30 

1.23 

0.89 

1.09 

COMET KOBAYASHI-BEROER-MILON 1975 IX 
1 27.7 July, 1975 2621.2 -39.6 UM1 

1.02 

0.32 

2.89 

82.5 

100. 

1 79.9 

30.3 

30 

1.34 

0.66 

0.88 

2 

27.7 Aug. 1975 

2652.2 

-08.6 

UM1 

0.48 

0.99 

19.0 

27.9 

101.0 79.0 

30.3 

30 

1.34 

0.66 

0.88 

3 

31.9 Aug, 1975 

2656.4 

-04.4 

UM1 

0.44 

1.09 

24.5 

24.0 

111.8 68.2 

30.3 

30 

1.34 

0.66 

0.88 

4 

1.9 Sep, 1975 

2657.4 

-03.4 

UM1 

0.44 

l.il 

24.0 

23.2 

114.3 65.7 

30.3 

30 

1.34 

0.66 

0.88 
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TABLE \-Conhnued 


(1) 

(2) 

(3) 

(4) 

(5) 

(6 ) 

(7) 

(8) 

(9) 

(10) (11) 

(12) 

(13) 

(14) 

(15) 

(16) 

# 

UT DATE 

JD 

2,440,000+ 

Days from 
Perihelion 

SYSTEM 

r 

AU 

A 

AU 

l 

r*& 

9., 

deg 

0 0* 
deg deg 

♦ 

arc sec 1 

V 

arc sec 

-it- 

20 

T 

hftlf] 

5 

2.7 Sep, 1975 

2658.2 

-02.6 

UM1 

0.43 

1.12 

26.1 

22.8 

115.3 64.7 

30.3 

30 

1.34 

0.66 

0.88 

6 

3.9 Sep, 1975 

2659.4 

-01.4 

UM1 

0.43 

1.15 

25.4 

21.7 

119.4 60.6 

30.3 

30 

1.34 

0.66 

0.88 

7 

5.3 Sep, 1975 

2660.8 

-0.0 

UM1 

0.43 

1.17 

25.0 

20.8 

122.8 57.2 

30.3 

30 

1.34 

0.66 

0.88 

8 

8.8 Sep, 1975 

2664.3 

+3.5 

UM1 

0.44 

1.24 

21.5 

19.1 

130.6 49.4 

30.3 

30 

1.34 

0.66 

0.88 


C QMET BMB HEL B l?W W 0 2801) 


1 

1.8 Jan, 1981 

4606.3 

+03.3 

UM2 

0.28 

0.73 

222,9 

8.4 

30.6 

149.3 

22.5 

30 

1.23 

0.89 

1.09 

2 

2.8 Jan, 1981 

4607.3 

+4.3 

UM2 

0.30 

0.75 

164.6 

11.8 

42.7 

137.3 

22.5 

30 

1.23 

0.89 

1.09 

3 

3.8 Jan, 1981 

4608.3 

+5.3 

UM2 

0.31 

0.77 

140.6 

14.9 

53.7 

126.3 

22.5 

30 

1.23 

0.89 

1.09 

4 

9.7 Jan, 1981 

4614.2 

+11.2 

UM2 

0.44 

0.96 

27,8 

26.2 

99.7 

80.3 

22.5 

30 

1.23 

0.89 

1.09 

5 

11.9 Jan, 1981 

4616.4 

+13.4 

UM2 

0.49 

1.04 

16.7 

28.0 

110.4 

69.6 

22.5 

30 

1.23 

0.89 

1.09 

6 

16.8 Jan, 1981 

4621.3 

+18.3 

UM2 

0.61 

1.23 

5.9 

29.5 

127.3 

52.7 

22.5 

30 

1.23 

0.89 

1.09 

7 

17.9 Jan, 1981 

4622.4 

+19.4 

UM2 

0.64 

1.27 

4.7 

29.6 

130.1 

49.9 

22.5 

30 

1.23 

0.89 

1.09 

8 

18.8 Jan, 1981 

4623.3 

+20.3 

UM2 

0.66 

1.30 

4.1 

29.5 

132.4 

47.6 

22.5 

30 

1.23 

0.89 

1.09 

9 

21.8 Jan, 1981 

4626.3 

+23.3 

UM2 

0.72 

1.41 

2.6 

29.0 

138.7 

41.3 

22.5 

30 

1.23 

0.89 

1.09 

10 

22.9 Jan, 1981 

4627.4 

+24.4 

WIRO 

0.75 

1.44 

2.2 

28.8 

140.7 

39.3 

8.3 

20 

1.13 

2.41 

2.72 

11 

22.9 Jan, 1981 

4627.4 

+24.4 

WIRO 

0.75 

1.44 

2.2 

28.8 

140.7 

39.3 

5 

20 

1.07 

4.00 

4.28 

12 

24.8 Jan, 1981 

4629.3 

+26.3 

UM2 

0.79 

1.51 

1.7 

28.4 

143.8 

36.2 

22.5 

30 

1.23 

0.89 

1.09 


COMET AUSTIN 1984 XIII n984i) 


1 

8.8 Aug, 1984 

5921.3 

-03.3 

UM2 

0.31 

1.16 

93.3 

14.5 

124.9 

55.0 

22.5 

30 

1.23 

0.89 

1.09 

2 

9.8 Aug, 1984 

5922.3 

-02.3 

UM2 

0.30 

119 

103.7 

12.8 

132.0 

48.0 

22.5 

30 

1.23 

0.89 

1.09 

3 

10.8 Aug, 1984 

5923.3 

-01.3 

UM2 

0.30 

1.22 

101.2 

10.9 

139.4 

40.6 

22.5 

30 

1.23 

0.89 

1.09 


TO M ET MACHHQLZ 1985 VI F (l?8 ft) 


1 

24.75 Jun, 1985 

6241.25 

-4.0 

UM2 

0.22 

1.09 

COMET AUSTIN ri989c,l 





1 

23.83 Mar, 1990 

7974.33 

17.14 

UM2 

0.59 

1.36 

2 

3.71 Apr, 1990 

7985.21 

-6.26 

UM2 

0.39 

1.16 

3 

12.78 Apr, 1990 

7994.28 

+2.81 

UM2 

0.36 

0.96 

4 

15.79 Apr, 1990 

7997.29 

+5.82 

WIRO 

0.39 

0.88 

COMET BRORS.QN-METCALFJS8SLX (1 ?89q) 




1 

15.8 Sep, 1989 

7785.3 

+3.86 

WIRO 

0.49 

1.23 

2 

16.7 Sep, 1989 

7786.2 

+4.76 

WIRO 

0.49 

1.25 


391.6 

11.2 

115.9 

64.1 

22.5 

30 

1.23 

0.89 

1.09 

6.07 

23.0 

138.4 

41.6 

22.5 

30 

1.23 

0.89 

1.09 

37.3 

19.1 

123.8 

56.2 

22.5 

30 

1.23 

0.89 

1.09 

62.0 

21.0 

93.2 

86.8 

22.5 

30 

1.23 

0.89 

1.09 

49.1 

22.7 

83.8 

96.2 

5 

50 

1.03 

4.00 

4.12 


14.10 

22.5 

127.9 

52.1 

5 

27 

1.04 

4.00 

4.22 

13.88 

22.1 

129.9 

50.1 

5 

24 

1.05 

4.00 

4.20 


’Notes to Table 1 : 

UM1 had a 27" square beam which is equivalent to a 30.3" circular aperture; 

UM2 had a 20" square beam which is equivalent to a 22.5" circular aperture; MLOF on 25 March, 1986 UT had a 13.5" square beam which is 
equivalent to a 15.2" circular aperture. 


radius 0 r of the coma continuum in milliarcseconds; 15, 
the upper limit to radius of the nucleus, in kilometers, from 
the thermal emission maximum; 16 and 17, the correction 
factors (see Appendixes A and B) applied in reducing the 
photometric data to a common distance, beam diameter, 
and throw; and 18, the activity index as defined by the 
total infrared emission corrected for beam size, throw, 
and distance effects as described by Eqs. (1 1), (B-l), and 
(B-2). The quantities in columns 14 and 15 were calculated 
assuming that all the emission is from a nucleus that is 


point-like with respect to the beam (see Gehrz et al. 1989). 
In this case, the correction factors given by Eqs. (11), 
(B-l), and (B-2) do not apply. 

III. DISCUSSION 

The photometric data we report here for recent bright 
comets reveal some of the physical properties of the dust 
grains released by comet nuclei and help to define the 
nature of the nuclear ablation process. 
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TABLE II 

Infrared Magnitudes for Comet P/Halley and Six Other Recent Bright Comets 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

O) 

(8) 

(9) 

(10) 

(ID 

(12) 

(13) 

(14) (15) (16) 

07) 

(18) 

(19) 

(20) 

(21) 

# 

JD 

UT DATE 2,440,000+ 

Days from 
Perihelion 

SYSTEM 

9 

arcsec 

V 

lrcsec 

10.71 

V 21 

U 6] 

I2.X] 1 

[3.61 

[4X1= 

[8X1’ 

N I10.X) 1 

|11.X] 3 

[I2.XJ 1 

[181 

119.5] 

[23] 

COMET P/HALLEY 1986 M 


















1 

12.11 Dec. 1985 

6411.61 

-59.35 

UM2 

22.5 

30 

- 

- 


+6.8 

+6.1 

- 

-0.5 

- -1.9 


-1.9 

-3.4 



2 

13.06 Dec. 1985 

6412.56 

-58.40 

UM2 

22.5 

30 


* 

- 

* 

- 

- 

+0.9 

- -0.9 


-1,4 

-2.0 



3 

14.01 Dec. 1985 

6413.51 

-57.45 

UM2 

22.5 

30 

- 


* 

- 

- 

- 

+0.9 

- -0.8 



-2.2 



4 

25.00 Dec. 1985 

6424.50 

-46.46 

UM2 

22.5 

30 

- 

+6.7 

- 

+7.0 

+5.2 

+2.8 

-0.5 

-1.6 


-1.6 

-3.3 


- 

5 

30.00 Dec. 1985 

6429 50 

-41.46 

UM2 

22.5 

30 

- 


+7.5 

+7.5 

+6.2 

+3.2 

-0.1 

- -0.9 

- 

-1.3 

-3.2 

- 

- 

6 

1.01 Ian, 1986 

6431.51 

-39.45 

UM2 

22.5 

30 

* 

* 

* 

• 

- 

- 

- 

- -1.5 

- 

-1.0 

- 



7 

7.89 Jan. 1986 

6438.39 

-32.57 

UM2 

22.5 

30 

- 


+5.9 

+6.1 

+4.1 

+1.5 

-1.6 

- -2.8 


-2.8 

4.4 

- 


8 

11.1 Jan, 1986 

6441.60 

-29.36 

WIRO 

5 

16 

- 


- 

+7.6 

+5.1 

+3.6 

+0.8 

-0.3 -1.0 

- o.i 

-0.8 

- 

-2.4 


9 

11.9 Jan. 1986 

6442.40 

-28.56 

WIRO 

5 

17 

- 


- 

+7.56 

+5.02 

+2.80 

-0.72 

-1,16 -1.24 

-1.61 

-1.46 

* 

-2.41 

-2.4 

10 

12.0 Jan. 1986 

6442.50 

-28.46 

UM2 

22.5 

30 

- 

+5.7 

+6.3 

+6.1 

+3.6 

+ 1.3 

-2.1 

- -3.1 


-3.2 

-3.3 

- 


11 

12.7 Jan. 1986 

6443.20 

-27.76 

WIRO 

5 

18 

- 

- 

* 

+6.69 

+4.02 

+2.04 

-1.11 

-1.58 -1.92 

-2.19 

-2.15 


-3.17 

-3.4 

12 

12.7 Jan, 1986 

6443.20 

-27.76 

WIRO 

5 

18 


- 

- 

+6.92 

+4.34 

+2.17 

-1.01 

-1.40 -1.90 

-2.10 

-2.10 


-3.10 

-3.4 

13 

12.8 Jan. 1986 

6443.30 

-27.66 

WIRO 

2.2 

18 

- 


- 

+7.67 

+5.35 

+3.40 

+0.16 

- -0.73 

-0.97 

-1.05 

- 

-1.86 


14 

12.8 Jan, 1986 

6443.30 

-27.66 

WIRO 

3.3 

18 



- 

+7.05 

+5.43 

+3.18 

+0.18 

- -1.14 

-1.45 

-1.29 

- 

-2.08 


15 

12.9 Jan, 1986 

6443.40 

-27.56 

WIRO 

8.3 

18 

- 


- 

+6.39 

+3.56 

+1.54 

-1.20 

- -2.24 

-2.58 

-2.33 

- 

-3.48 


16 

26.8 Jan. 1986 

6457.30 

-13.60 

UM2 

22.5 

30 

- 

+45 

+4.4 

+4.5 

+ 1.2 

-0.8 

-3.6 

-4.2 


-4.3 

-5.4 

- 


17 

9.75 Feb. 1986 

6471.25 

+00.29 

UM2 

225 

30 

- 


- 

+3.7 

+2.0 

-0.3 

-2.8 

- -3.9 


-3.9 

-5.1 

- 

- 

1R 

9.83 Feb. 1986 

6471.33 

+00.37 

WIRO 

8.3 

18 

- 



+4.33 

+1.58 

-0.28 

-2.54 

-3.01 -3.84 

-3.71 

-3.46 


- 

-4.5 

19 

9.85 Feb. 1986 

6471.35 

+00.39 

UM2 

22.5 

30 



- 

+3.5 

+1.8 

-1.0 

-3.3 

- -4.3 


-4.2 

-5.7 



20 

10.72 Feb. 1986 

6472,22 

+01.26 

UM2 

22.5 

30 

- 

- 

+3.0 

+2.6 

+0.2 

-1.7 

- 3.8 

- -5.1 

- 

-4.9 

-6.3 

- 

’ 

21 

10.77 Feb. 1986 

6472.27 

+01.31 

UM2 

22.5 

30 

+4.3 

+3.3 

+3.0 

+2.3 

+0.2 

-2.1 

-4.2 

- -5.5 

- 

-5.2 

-6.6 



22 

11.88 Feb. 1986 

6473.38 

+02 42 

WIRO 

8 3 

20 

• 

- 


+3.80 

+1.25 

-0.54 

-2.73 

-3.20 -3.94 

-3.63 

-3.64 


-4.56 

- 4.7 

23 

12.67 Feb. 1986 

6474.17 

+03.21 

UM2 

22.5 

30 

+4.6 

+3.7 

+3.5 

+2.3 

-0.2 

-1.8 

-4.1 

- -5.2 

- 

-5.1 

-6.5 



24, 

12.74 Feb, 1986 

6474.24 

+03.28 

UM2 

22.5 

30 

+4,2 

+4.2 

+3.0 

+2.3 

-0.1 

- 1.8 

-4.2 

- -5.5 

- 

-5.3 

-6.5 

- 

- 

25 

14.67 Feb, 1986 

6476.17 

+5.21 

UM2 

22.5 

30 


+4.3 

+4.5 

+3.1 

+ 1.1 

-0.9 

-3.8 

-4.7 

■ 

-4.8 

-6.3 

- 


26 

14.79 Feb. 1986 

6476.29 

+05.33 

UM2 

22.5 

30 





+0.7 

-1.3 

-3.9 

- -4,8 

* 

-4.8 

-6.0 

- 


27 

21.7 Feb, 1986 

6483.20 

+12.24 

UM2 

22.5 

30 

- 


+5.2 

+4.5 

+2.1 

+0.0 

-2.8 

- -38 

- 

-3.9 

-5.2 

- 

- 

28 

27.69 Feb. 1986 

6489.19 

+18.23 

UM2 

22.5 

30 

+4.9 

+4.7 

+4.5 

+4.1 

+1.8 

-0.4 

-3.5 

-4.5 

- 

-4.3 

-5.5 

- 


29 

27.70 Feb, 1986 

6489.20 

+ 18.24 

WIRO 

8.3 

17.5 

- 



+4.95 

+2.10 

+0.24 

-2.43 

-3.10 -3.52 

-3.56 

-3.46 

* 

-3.91 

-3.3 

30 

27.75 Feb, 1986 

6489.25 

+ 18.29 

UM2 

22.5 

30 

- 

- 

+4.3 

+3.7 

+1.3 

-0.7 

-3.3 

-4.2 

- 

-4.0 

-5.8 



31 

2.71 Mar, 1986 

6492.21 

+21.25 

WIRO 

5 

5 





* 

- 

- 

-1.87 

* 

- 

- 



32 

2.71 Mar. 1986 

6492.21 

+21.25 

WIRO 

5 

43 



- 

+5.84 

+3.07 

+ 1.00 

-1.71 

-2.24 -2.47 

-2.94 

-2.77 

* 

-3.57 

-3.2 

33 

4.64 Mar. 1986 

6494,14 

+23.18 

UM2 

22.5 

30 


- 

- 

+5.7 

+3.9 

+1.4 

-1.7 

- -2.5 

- 

-2.3 

-3.2 

- 

- 

34 

6.74 Mar, 1986 

6496.24 

+25.28 

WIRO 

5 

40 




+7.65 

+4.08 

+1.73 

-1.40 

-1.87 

-2.64 

-2.09 

- 

- 

- 

35 

7.61 Mar, 1986 

6497 11 

+26.15 

UM2 

22.5 

30 



+4.2 

+4.1 

+ 1.9 

-0.4 

-3.5 

-4.2 

- 

-4.3 

-5.6 

- 

- 

36 

13.62 Mar, 1986 

6503.12 

+32.16 

WIRO 

5 

5 



- 


+5.70 

- 

- 

-0.80 -1.14 

* 





37 

13.62 Mar, 1986 

6503.12 

+32.16 

WIRO 

5 

20 

- 

- 

- 

+7.46 

+5.23 

+2.68 

-0.53 

-1.27 -1.45 

-1.71 

-1.58 

- 

-2.83 

-2.8 

38 

15.63 Mar. 1986 

6505.13 

+34.17 

UM2 

22.5 

30 


- 

+5.5 

+6.0 

+3.8 

+1.5 

-2.2 

- -3.3 

- 

-3.3 

-3.7 



39 

20.58 Mar. 1986 

6510.08 

+39.12 

UM2 

22.5 

30 


+6.2 

- 


+4.2 

+1.8 

-1.2 

- -2.5 

- 

-2.6 

-3.8 

- 


40 

23.5 Mar, 1986 

6513.00 

+42.04 

UM2 

22.5 

30 


- 


+6.4 

+5.0 

+2.3 

-1.6 

- -2.5 

- 

-3.2 

- 

- 


41 

25.5 Mar, 1986 

6515.00 

+44.04 

MLOF 

15.2 

23 

- 

+7.49 +7.27 

1 +7.31 

+4.93 

+2.76 

-1.27 

-2.03 -1.92 

-2.32 

-2.70 

-3.2: 

- 


42 

28.55 Mar, 1986 

6518.05 

+47.09 

WIRO 

5 

17 

- 

- 


+7.94 

, +6.14 

+3.42 

+0.03 

-0.83 -1.15 

-1.49 

-1.60 


-2.65 

-2.58 

43 

27.3 Apr, 1986 

6547.80 

+76.84 

MLOF 

10 

20 


- 

- 

£+8.1 

- 

- 

+0.8 

- -0.2 

- 

-0.6 


- 


44 

28.3 Apr, 1986 

6548.80 

+77.84 

MLOF 

10 

20 

- 

- 

+9.2 

- 

- 

£+ 6.0 

+1.1 

- - 0.1 

- 

-0.7 

-1.5 

- 


45 

1.21 May. 1986 

6551.71 

+80.75 

WIRO 

5 

20 

- 

- 


+9.81 

+8.44 

i +5.67 

r +2.44 

+ 1.15 +0.85 

+0.39 

-0.21 


- 0 .% 

-0.81 

46 

5.2 May, 1986 

6555.70 

+84.74 

UM2 

22.5 

30 


* 

- 

- 

- 


+0.4 

- -0.7 

- 

-1.2 

- 

- 


47 

6.2 May. 1986 

6556.70 

+85.74 

UM2 

22.5 

30 


- 

£+7.6 


£+6.0 

£+3.7 

+1.0 

- -0.0 

~ 

-0.9 




COMET KOBAYASHI-BERGER-MILON 1975 IX 
















1 

27. Jul. 1975 

2621.2 

-39.6 

UMI 

30.3 

30 

- 

- 

* 

- 

- 

- 

+1.1 

0.0 


-0.7 




2 

27 .7 Aug. 1975 

2652.2 

- 08.6 

UM1 

30.3 

30 

- 

+5.1 

+5.3 

+5.6 

+2.6 

+0.5 

-2.1 

- -2.8 

- 

-3.1 




3 

319 Aug. 1975 

2656.4 

-04.4 

UMI 

30.3 

30 


+5.6 

+5.7 

+5.3 

+2.0 

+0 2 

-2.3 

- -3.0 


-3.1 



- 

4 

1.9 Sep. 1975 

2657,4 

-03.4 

UMI 

30.3 

30 

- 

+5.3 

+5.1 

+5.0 

+ 2.1 

+0.5 

-2.1 

- -2.8 

- 

-3.1 


* 
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TABLE II — Continued 


(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) 

JD Days from <t> y 

# UT DATE 2,440,000+ Perihelion SYSTEM arcsec arcsec [0.7) [1.2) [1.6] [2.X] 2 [3.6] (4.X) 1 [8.X] 7 N [10.X) 2 [ll.X) J [12.X] 5 (18] 


5 

2.7 Sep, 1975 

2658.2 

-02,6 

UM1 

30.3 

30 


6 

3.9 Sep, 1975 

2659.4 

-01.4 

UM1 

30.3 

30 


7 

5.3 Sep, 1975 

2660.8 

-00.0 

UM1 

30.3 

30 

- 

8 

8.8 Sep, 1975 

2664.3 

+3.5 

UM1 

30.3 

30 

- 

COMET BRADFIELP 1980XV (19800 





1 

1.8 Jan, 1981 

4606.3 

+03.3 

UM2 

22.5 

30 

- 

2 

2.8 Jan, 1981 

4607.3 

+04.3 

UM2 

22.5 

30 

+4.1 

3 

3.8 Jan, 1981 

4608.3 

+05.3 

UM2 

22.5 

30 

+4.9 

4 

9.7 Jan, 1981 

4614.2 

+ 11.2 

UM2 

22.5 

30 

+7.8 

5 

11.9 Jan, 1981 

4616.4 

+ 134 

UM2 

22.5 

30 

+8.2 

6 

16.8 Jan, 1981 

4621.3 

+ 18.3 

UM2 

22.5 

30 

- 

7 

17.9 Jan, 1981 

4622.4 

+19.4 

UM2 

22.5 

30 

+8.5 

8 

18.8 Jan, 1981 

4623.3 

+20.3 

UM2 

22.5 

30 

- 

9 

21.8 Jan, 1981 

4626.3 

+23.3 

UM2 

22.5 

30 

- 

10 

22.9 Jan, 1981 

4627.4 

+24.4 

WIRO 

8.3 

20 

* 

11 

22.9 Jan, 1981 

4627.4 

+24.4 

WIRO 

5 

20 


12 

24.8 Jan, 1981 

4629.3 

+26.3 

UM2 

22.5 

30 


COMET AUSTIN 1984 XIH H984j) 






I 

8.8 Aug, 1984 

5921.3 

-03.3 

UM2 

22.5 

30 

- 

2 

9.8 Aug, 1984 

5922.3 

-02.3 

UM2 

22.5 

30 

* 

3 

10.8 Aug, 1984 

5923,3 

-01.3 

UM2 

22.5 

30 

- 

COMET MACHHOLZ 1985 VITT (I985e) 





1 

24.75 Jan, 1985 

6241.25 


UM2 

22.5 

30 


COMET AUSTIN (1989c,) 






1 

23.83 Mar, 1990 

7974,33 

-17.14 

UM2 

22.5 

30 

- 

2 

3.71 Apr, 1990 

7985.21 

-6.26 

UM2 

22.5 

30 


3 

12.78 Apr, 1990 

7994.28 

+2.81 

UM2 

22.5 

30 


4 

15.79 Apr, 1990 

7997.29 

+5.82 

WTRO 

5 

50 


COMET BRORSQN-METCALF X a989o) 





1 

15.8 Sep, 1989 

7785.3 

+3.86 

WIRO 

5 

27 

- 

2 

16.7 Sep, 1989 

7786.2 

+4.76 

WIRO 

5 

24 

- 


+5.2 

+5.0 

+5.2 

+2.0 

+0.3 

-2.2 

-2.9 

-3.2 

+5.6 

+5.7 

+5.0 

+1.8 

-0.4 

-2.6 

- -3.0 

-3.5 

- 


+5.4 

+2.0 

+0.4 

-2.1 

- -2.9 

-3.2 

+6.5 

+6.3 

+6.0 

+2.0 

+0.5 

-2.2 

- -2.9 

-3.1 


+2.2 

+ 1.8 

+ 1.4 

-0.6 

-1.9 

-3.6 

* 

-4.6 

- 

- 4.6 

-4.6 

+3.0 

+2.7 

+ 1.7 

-0.5 

-1.9 

-3.7 

- 

-4.5 

- 

-4.5 

-4.9 

+3.8 

+3.3 

+2.6 

0.0 

-1.6 

-3.7 

- 

-4.4 


-4.4 

-5.0 

+6.4 

+6.2 

+5.7 

+2.7 

+0.6 

-2.2 

- 

-2.9 

- 

-2.9 

-3.4 

+7: 

+7: 

+6.3 

+3.5 

+1.2 

-1.7 

• 

-2.3 

* 

-2.4 

-3.2 

+6.2 

+6.3 

+6.2 

+3.5 

+1.1 

-2; 

- 

-2.7 

- 

-2.9 

-3.7 

+7.2 


+6.5 

+4: 

+ 1.9 

-1.5 

- 

-2.2 

- 

-2.4 

-2.7 

+6.8 

+7.5 

+6.8 

+4.3 

+2: 

-1.2 

• 

-1.9 


-2.1 

-3.2 

- 


+7.6 

+5.4 

+3.2 

-0.6 

- 

-1.2 

- 

-1.5 

-2.5 

- 


- 

+6.53 

+4.21 

+ 1.02 

+0.66 

- 

+0.18 

-0.05 


- 

- 

- 

+7.01 

+4.66 

+1.56 

+1.09 

- 

+0.55 

+0.20 

- 

- 


- 

+6.0 

+3.1 

+0.4 

. 

-0.7 


-0.8 



- 

- 


- 

-0.66 

-3.05 

- -3.63 

- 

•3.77 


+5,00 

+4.84 

+3.55 

+0.65 

-1.07 

-2.98 

■ -3,42 

- 

-3.66 

- 

+4.8 

+4.5 

+3.51 

+0.42 

-1.16 

-3.16 

- -3.62 

■ 

-3.89 

- 

+4.2 

£+5,6 

+4.4 

+1.5 

-01 

-1.3 

• -1.9 


-2.0 



- 

* 

- 

- 1.0 

- 

- 

- 

- 

+5.6 +5.2 

+2.1 

-0.1 

•2.3 

- -2.9 


-3,1 

-3.5 

- +5.3 

+ 1.5 

-0.3 

-2.7 

- -3.5 

- 

-3.7 


+6.91 - +5.88 

+2.89 

+1.04 

-0.65 

-1.12 -1.48 

-1.38 

-1.84 

-2.06 


- £+7.6 +5.58 

+4.16 

+1.27 

+0.87 

+0.90 

+0.89 

+0.92 

-0.62 

S+8.1 £+8.7 - +6.36 

+3.92 

+1,69 

+1.07 

+1.15 

+0.60 

+0.59 

+0.30 


( 20 ) 

119.5] 


-1.27 

-0.49 


( 21 ) 

[23] 


PRIMARY CALIBRATOR 

VEGA 

VEGA 


WIRO 5 
UM1,2 22.5 


0.00 -0.01 -0.01 -0.02 -0.03 -0.03 -0.03 -0.03 -0.03 -0.03 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 


-0.03 

0.0 


-0.03 

0.0 


-0.03 

0.0 


-0.03 

0.0 


‘UMl had a 27" square beam which is equivalent to a 30.3" circular aperture; UM2 had a 20" square beam which is equivalent to a 22.5° 
circular aperture; MLOF on 25 March, 1986 UT had a 13.5" square beam which is equivalent to a 15.2" circular aperture. 

Effective wavelengths for the UM system are 2.2, 4.8. 8.5, 10.6, and 12.5pm; effective wavelengths For the WTRO system art 2.3, 4.9, 8.7, 
10, 11.4 and 12. 6pm; effective wavelengths for the MLOF system are 2.3, 4.9, 8.6, 10.3, 11.3, and 12. 8pm. 


Many of the arguments in the analysis below are based 
upon the assumption that the infrared energy distributions 
measure the properties of the optically important grains. It 
is known from dust impact measurements with the Giotto 
spacecraft that there was a large range of particle sizes in 
the coma of P/Halley, and that the differential particle 
mass distribution followed a power law (see McDonnell 
et al. 1987). A power law grain-size distribution has also 


been found to be consistent with the thermal emission 
from other comets (see Hanner^/a/. 1985a, 1985c). Jewitt 
and Meech (1986) and Jewitt (1991) have argued that the 
effective grain radius a for the grains that are optically 
important can be determined by computing the optically 
weighted mean grain size, assuming that the differential 
grain distribution follows a power law of the form 
n(a)da = Ka~ m da , where m lies between 3 and 4.5. If one 
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TABLE III 

Measured Properties of Comet P/Halley and Six Other Recent Bright Comets 


(1) 

# 

(2) 

UT Date 

(3) 

JD 

2,440,000+ 

(4) 

Days from 
Perihelion 

(5) 

SYSTEM 

(6) 

r 

AU 

(7) 

A 

AU 

(8) 

t bb 

K 

(9) 

K 

00) 

S 

J 

g I 

02) 

(13) 

A(0) 

(14) 

e, 

mas 

05) 

a 

km 

(16) (17) 

7^ [^I¥l 

(18) 

— MSrff] 

COb 

1 

4 FT P/HALLEY 1< 
12.1 1 Dec, 1985 

>86 m 

6411.61 

-59.35 

UM 

1.32 

0.77 

242 

331 

1.37 

3.5x10 ” 

8.4x10 16 

0.19 

54 

30.5 

0.43 

1.09 

8.88x10” 

2 

13.06 Dec, 1985 

6412.56 

-58.40 

UM 

1.30 

0.79 

244 

306 

1.25 

1. 0x10 11 

- 

- 

34 

19.6 

0.44 

1.09 

2.47x10” 

3 

14.01 Dec, 1985 

6413.51 

-57.45 

UM 

1 29 

0.80 

245 

- 


1x10 ” 

- 

- 

- 

- 

0.45 

1.09 

2.42x10” 

4 

25.00 Dec, 1985 

6424.50 

-46.46 

UM 

1.12 

1.02 

263 

382 

1.45 

2.9x10 15 

1.1x10” 

0.28 

37 

27.6 

0.62 

1.09 

5.09x10” 

5 

30.00 Dec, 1985 

6429.50 

-41 46 

UM 

1.04 

1.12 

273 

328 

1.20 

2.6x10 ” 

6.5x10 16 

0.20 

48 

39.0 

0.76 

1.09 

3.73x10'” 

6 

1.01 Jan, 1986 

6431.51 

-39.45 

UM 

1.01 

1.16 

277 

- 

- 

1,8x10” 

- 

- 

- 

- 

0.83 

1.09 

2.36x10” 

7 

7.89 Jan, 1986 

6438.39 

-32.57 

UM 

0.90 

1.29 

293 

382 

1.30 

9x10” 

2.1x10” 

0.19 

66 

61.6 

1.18 

1.09 

8.31x10’” 

8 

11.1 Jan, 1986 

6441.60 

-29.36 

WTRO 

0.86 

1.34 

300 

* 

- 

- 

- 

- 

- 

* 

1.36 

432 


9 

11.9 Jan, 1986 

6442.40 

-28.56 

WTRO 

085 

1.35 

302 

370 

1.21 

3x10” 

- 

- 

40 

394 

1.42 

4.32 

9.13x10” 

to 

12.0 Jan. 1986 

6442.50 

-28.46 

UM 

0.85 

1.36 

302 

399 

1.32 

1x10 14 

2.2x10” 

0.18 

63 

62.7 

1.48 

1.09 

7.37x10” 

11 

12.7 Jan, 1986 

6443.20 

-27.76 

WTRO 

0.84 

1.36 

304 

375 

1.22 

5x10” 

- 

- 

51 

50.2 

1.48 

4 28 

1.45x10” 

12 

12.7 Jan, 1986 

6443.20 

-27.76 

WIRO 

0.84 

1.36 

304 

375 

1.22 

5x10” 


- 

51 

50.2 

1.48 

4.28 

1.45x10” 

13 

12.8 Jan, 1986 

6443.30 

-27.66 

WIRO 

0.84 

1.36 

304 

375 

1.22 

2x10” 

- 

- 

32 

31.8 

1.48 

9.36 

1.26x10” 

14 

12.8 Jan, 1986 

6443.30 

-27.66 

WIRO 

0.84 

1.36 

304 

375 

1.22 

2x10” 

- 

- 

32 

31.8 

1.48 

6.36 

8.59x10” 

15 

12.9 Jan, 1986 

6443.40 

-27.56 

WTRO 

084 

1.36 

304 

375 

1.22 

6x10” 

- 

- 

56 

55 

1.48 

2.72 

1. 10x10” 

16 

26.8 Jan, 1986 

6457.30 

-13.60 

UM 

0.66 

1.54 

343 

427 

1.24 

5x10 14 

1x10 14 

0.17 

124 

139 

3.42 

1.04 

1.52x10 14 

17 

9.75 Feb, 1986 

6471.25 

+00.29 

UM 

0.59 

1.54 

362 

459 

1.27 

2.9x10 14 

- 

• 

82 

91 

5.36 

1.04 

5.63x10” 

18 

9.83 Feb, 1986 

6471.33 

+00.37 

WTRO 

0.59 

1.54 

362 

470 

1.28 

2x10” 

- 

- 

65 

73 

5.36 

2.72 

1.01x10” 

19 

9.85 Feb. 1986 

6471.35 

+00.39 

UM 

0.59 

1.54 

362 

439 

1.21 

3.8x10'” 

- 

- 

102 

114 

5.36 

1.09 

7.73x10” 

20 

10.72 Feb, 1986 

6472,22 

+01.26 

UM 

0.59 

1.54 

362 

517 

1.43 

8x10” 

- 

- 

106 

120 

5.36 

1.09 

1.64x10” 

21 

10.77 Feb, 1986 

6472.27 

+01.31 

UM 

0.59 

1.54 

362 

496 

1.37 

1.05x10” 

2.8x10” 

0.21 

133 

150 

5.36 

1.09 

2.14x10 14 

22 

11.88 Feb, 1986 

6473.38 

+02.42 

WTRO 

0.59 

1.53 

362 

470 

1.28 

2.5x10 14 

- 

• 

72 

80 

5.39 

2.70 

1.25x10” 

23 

12.67 Feb, 1986 

6474.17 

+03.21 

UM 

0 59 

1.52 

362 

496 

1.37 

9.1x10 14 

2.36x10 14 

0.21 

124 

137 

5.43 

1.09 

1.82x10” 

24 

12.74 Feb, 1986 

6474.24 

+03.28 

UM 

0.59 

1.52 

362 

459 

L27 

1.09x10” 

2.58x10” 

0,19 

158 

175 

5.43 

1.09 

2.19x10” 

25 

14.67 Feb, 1986 

6476.17 

+5.21 

UM 

0.60 

1.50 

359 

402 

1.12 

6.51x10 14 

1.07x10” 

0.14 

159 

174 

5.14 

1.09 

1.38x10” 

26 

14.79 Feb, 1986 

6476.29 

+05.33 

UM 

0.60 

1.50 

359 

427 

1.19 

7.3x10 14 

- 

- 

150 

163 

5.14 

1.09 

1.55x10” 

27 

21.7 Feb, 1986 

6483.20 

+12.24 

UM 

0.65 

1.40 

345 

405 

1.17 

2.64x10 14 

4.44x10” 

0.15 

100 

102 

4.00 

1.09 

7.19x10” 

28 

27.69 Feb, 1986 

6489.19 

+18.23 

UM 

0.71 

1.29 

330 

395 

1.20 

4 44x10 ” 

1.2x10” 

0.21 

136 

128 

3.05 

1.09 

1.59x10” 

29 

27.70 Feb, 1986 

6489.20 

+18.24 

WIRO 

0.71 

1.29 

330 

432 

1.30 

1.5x10 ” 

• 

• 

66 

62 

3.05 

2.72 

l 34x10 ” 

30 

27.75 Feb, 1986 

6489,25 

+18.29 

UM 

0.71 

1.29 

330 

448 

1.36 

3.7x10 ” 

1x10” 

0.21 

97 

91 

3.05 

1.09 

1.32x10” 

31 

2.71 Mar, 1986 

6492.21 

+21.25 

WTRO 

0.75 

1.22 

321 

- 


- 

- 

- 

- 

- 

2.59 

5.32 

- 

32 

2.71 Mar, 1986 

6492.21 

+21.25 

WIRO 

0.75 

1.22 

321 

422 

1.30 

9x10” 

• 

- 

54 

48 

2.59 

4.12 

1.85x10” 

33 

4.64 Mar, 1986 

6494.14 

+23.18 

UM 

0.76 

1.20 

319 

395 

1.24 

7.94x10” 

- 

- 

58 

50 

2.50 

1.09 

3.46x10” 

34 

6.74 Mar, 1986 

6496.24 

+25.28 

WIRO 

0.80 

1.13 

311 

367 

1.17 

6.5x10” 

- 

- 

60 

50 

2.16 

4.12 

1.24x10” 

35 

7.61 Mar, 1986 

6497.11 

+26.15 

UM 

0 81 

1.12 

309 

377 

1.22 

4.64x10 14 

1.05x10” 

0.19 

153 

125 

2.13 

1.09 

2.37x10” 

36 

13.62 Mar, 1986 

6503.12 

+32.16 

WTRO 

0.90 

0.97 

293 

334 

1.13 

3.3x10” 

- 

- 

52 

37 

1.57 

5.32 

1.12x10” 

37 

13.62 Mar, 1986 

6503.12 

+32.16 

WTRO 

0.90 

0.97 

293 

367 

1.25 

3.5x10” 

- 

- 

44 

31 

1.57 

4.28 

9.53x10” 

38 

15.63 Mar, 1986 

6505.13 

+34.17 

UM 

0.92 

0.92 

290 

363 

1.25 

1.2x10 14 

2.7x10” 

0.19 

84 

56 

1.50 

1.09 

8.72x10” 

39 

20.58 Mar, 1986 

6510.08 

+39.12 

UM 

1 00 

0.80 

278 

375 

1.35 

6.5x10” 

2.01x10” 

0.24 

58 

34 

1.25 

1.09 

5.66x10” 

40 

23.5 Mar, 1986 

6513.00 

+42.04 

UM 

1.05 

0.72 

272 

338 

1.24 

1.0x10 14 

- 

- 

88 

46 

1.14 

1.09 

9.57x10” 

41 

25.5 Mar, 1986 

6515.00 

+44.04 

MLOF 

1.08 

0.68 

268 

322 

1.19 

7x10” 

6.0x10 ” 

0.08 

81 

40 

1.08 

1.58 

1.06x10” 

42 

28.55 Mar, 1986 

6518.05 

+47.09 

WIRO 

LI3 

0.60 

262 

322 

1.22 

2.5x10” 

- 

- 

47 

21 

1.04 

432 

1.04x10” 

43 

27.3 Apr, 1986 

6547.80 

+76.84 

MLOF 

1.57 

0.69 

222 

- 

- 

1.3x10” 

- 

- 

- 

- 

0.24 

2.28 

1.24x10” 

44 

28.3 Apr, 1986 

6548.80 

+77.84 

MLOF 

1 59 

0.72 

220 

- 

1.46 

1.1x10 ” 

- 

- 

35 

17.6 

0.22 

2.28 

1.35x10” 

45 

1.21 May. 1986 

6551.71 

+80.75 

WIRO 

1.63 

0.80 

218 

291 

1.32 

7x10 14 

- 

- 

32 

18.4 

0.18 

4.28 

1.66x10” 

46 

5.2 May. 1986 

6555.70 

+84.74 

UM 

I 69 

0.92 

214 

- 

- 

1.7x10” 

- 

- 

- 

- 

0 13 

1.09 

1.44x10” 

47 

6.2 May, 1986 

6556.70 

+85.74 

UM 

1.71 

0.96 

213 

280 

1.31 

1.06x10” 

- 

- 

42 

29 

0.12 

1.09 

9.63x10” 
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TABLE III — Continued 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

00) 

(II) 

(12) 

(13) 

(14) 

(15) 

(16) 

07) 

(18) 

# 

UT Date 

JD 

2,440,000+ 

Days from 
Perihelion 

SYSTEM 

r 

AU 

A 

AU 

Tib 

K 

Tok* 

K 

s 

M«R)U 

M,(V)U 

A(0) 

G, 

mas 

a 

km 

1 

r*A 

f_*A_T2oj 

1 4>1 ♦ I 

U/jUR) 



1 

27.7 Jul, 1975 

2621.2 

-39.6 

UM1 

1.02 

0.32 

275 

* 

- 

-1. 1x10 15 

- 

- 

- 


2.89 

0.88 

3.35x10" 

2 

27.7 Aug, 1975 

2652.2 

-08.6 

UMI 

0.48 

0.99 

401 

427 

1.06 

1.4x10" 

5.5x10 15 

0.28 

66 

48 

19.0 

0.88 

6.48x10" 

3 

31.9 Aug, 1975 

2656.4' 

-04.4 

UM1 

0.44 

1.09 

419 

459 

1.10 

1.7x10 14 

3.2x10" 

0.16 

62 

50 

24.5 

0.88 

6.11x10" 

4 

1.9 Sep, 1975 

2657.4 

-03.4 

UMI 

0.44 

1. 11 

419 

432 

1.03 

1.5x10 14 

5.2x10" 

0.26 

66 

53 

24.0 

0.88 

5.50x10" 

5 

2,7 Sep, 1975 

2658.2 

-02.6 

UMI 

0.43 

1.12 

424 

432 

1.02 

1.5x10 14 

5.5x10" 

0.27 

66 

54 

26.1 

0.88 

6.02x10" 

6 

3.9 Sep, 1975 

2659.4 

-01.4 

UMI 

0.43 

1. 15 

424 

459 

1.08 

2.4x10" 

3.2x10" 

0.12 

74 

62 

25.4 

0.88 

8.32x10" 

7 

5.3 Sep, 1975 

2660.8 

-0.0 

UMI 

0.43 

1.17 

424 

432 

1.02 

1.7x10 14 

- 

- 

71 

61 

25.0 

0.88 

5.98x10" 

8 

rn 

8.8 Sep, 1975 

S4FT RRAnFTFI 

2664.3 
1980 YV n 

+3.5 

UMI 

0.44 

1.24 

419 

432 

1.03 

1.5x10" 

1.7x10" 

0.10 

66 

60 

21.5 

0.88 

6.14x10" 

V.V. 

I 

vie [ DiNjiUr icLU' 

1.8 Jan, 1981 

AV U 

4606.3 

yoytl 

+03.3 

UM2 

0.28 

0,73 

525 

592 

1.13 

7x10" 

10" 

0.59 

76 

40 

222.9 

1.09 

3.43x10" 

2 

2,8 Jan, 1981 

4607.3 

+4.3 

UM2 

0.30 

0.75 

508 

573 

1.13 

7x10" 

3.6x10" 

0.34 

81 

44 

164.6 

1.09 

4.63x10" 

3 

3.8 Jan, 1981 

4608.3 

+5.3 

UM2 

0.31 

0.77 

499 

510 

1.02 

6.5x10" 

1,5x10" 

0.19 

99 

55 

140.6 

1.09 

5.04x10" 

4 

9,7 Jan, 1981 

4614,2 

+ 11.2 

UM2 

0.44 

0.96 

419 

432 

1.03 

1.2x10" 

1.6x10" 

0.12 

59 

41 

27.8 

1.09 

4.71x10" 

5 

11.9 Jan, 1981 

4616.4 

+ 13.4 

UM2 

0.49 

1.04 

397 

427 

1.08 

8x10 15 

8x10 16 

0.09 

50 

44 

16.7 

1.09 

5.22x10" 

6 

16.8 Jan, 1981 

4621.3 

+ 18.3 

UM2 

0.61 

1.23 

356 

386 

1.08 

1.2x10" 

1.9x10" 

0.14 

74 

66 

5.9 

1.09 

2.22x10" 

7 

17.9 Jan, 1981 

4622.4 

+ 19.4 

UM2 

0.64 

1.27 

348 

367 

1.05 

5.5x10'" 

6x10" 

0.10 

56 

5! 

4.7 

1.09 

1.28x10" 

8 

18.8 Jan, 1981 

4623.3 

+20.3 

UM2 

0.66 

1.30 

342 

386 

1.13 

5x10 15 

8x10" 

0.14 

48 

45 

4.1 

1.09 

1.33x10" 

9 

21.8 Jan, 1981 

4626.3 

+23.3 

UM2 

0.72 

1.41 

328 

367 

1.12 

3.2x10" 

- 

- 

42 

44 

2.6 

1.09 

1.34x10" 

10 

22.9 Jan, 1981 

4627,4 

+24.4 

WIRO 

0.75 

1.44 

321 

376 

1.17 

6.5x10" 

- 

- 

18 

19 

2.2 

2.72 

10" 

11 

22.9 Jan, 1981 

4627.4 

+24.4 

W1RO 

0.75 

I 44 

321 

367 

1.14 

5x10 16 

- 

- 

17 

17.6 

2.2 

4.28 

10" 

12 

CQ| 

24.8 Jan, 1981 
MFT AT19T1M 198. 

4629.3 
A yttt nosd; 

+26.3 

UM2 

0.79 

1.51 

313 

380 

1.21 

1.6x10" 

• 

- 

28 

37 

1.7 

1.09 

1.03x10" 


1V| c. I r\Udlll3f I70 1 

8.8 Aug, 1984 

1 Aril [ IVMi 

5921.3 

1 

-03.3 

UM2 

0.31 

1.16 

499 


_ 

3x10" 

_ 

. 

79 

67 

93.3 

1.09 

3.50x10" 

2 

9.8 Aug, 1984 

5922.3 

-02.3 

UM2 

0.30 

1.19 

508 

540 

1.06 

3.4x10" 

6.8x10" 

0.17 

64 

55 

103.7 

1.09 

3.57x10" 

3 

rm 

10.8 Aug. 1984 

KAFT MACHHOI 7 

5923.3 

1QQC VTll ( 1 

-01.3 

1 QSSf'i 

UM2 

0.30 

1.22 

508 

524 

1.03 

4x10" 

8x10" 

0.17 

74 

65 

101.2 

1.09 

4.31x10" 

1 

vie i jviALnn 

24.75 Jun, 1985 

1 70*3 V 11 J [ J 

6241.25 

1 70JCJ 

-4.0 

UM2 

0.22 

1.09 

593 

667 

1.12 

10" 


_ 

23 

18 

391.6 

1.09 

2.79x10" 


1 

23.83 Mar, 1990 

7974.33 

-17.14 

UM2 

0.59 

1.36 

362 

- 

- 

5x10" 

- 

- 

- 

- 

6.07 

1.09 

8.98x10" 

2 

3.71 Apr, 1990 

7985.21 

-6.26 

UM2 

0.39 

1.16 

445 

459 

1.03 

1.6x10 14 

3.4x10" 

0.17 

61 

51 

37.3 

1.09 

4.67x10" 

3 

12.78 Apr, 1990 

7994.28 

+2.81 

UM2 

0.36 

0.96 

463 

458 

0.99 

2.4x10" 

- 


75 

52 

62.0 

1.09 

4.22x10" 

4 

m 

15.79 Apr, 1990 

MFT RROR^OV VI 

7997.29 
fFTfAl F IQ 

+5.82 

CQ Y nQRQnl 

WIRO 

0.39 

0.88 

445 

524 

1.18 

4.5x10" 

1.2x10" 

0.21 

25 

15.8 

49.1 

4.12 

3.78x10" 

1 

|V| C 1 D l\visOv “-1VJ 

15.8 Sep, 1989 

7785.3 

07 A U 70 VO J 

+3.86 

WIRO 

0.49 

1.23 

398 

408 

1.03 

6x10" 

. 

. 

15 

13.3 

14.10 

4.22 

1.8x10" 

2 

16.7 Sep, 1989 

7786.2 

+4.76 

WIRO 

0.49 

1.25 

398 

432 

1.09 

4x10" 

- 

- 

11 

9.8 

13.88 

4.20 

1.21x10" 


assumes that there is a lower limit a min to the grain radius 
and that the value of m lies close to 4.5 or even 5 (see 
Hayward et al. 1986), then the optically weighted mean 
grain size is given by 2 a min < a < 3 a mtn . The effective 
radius of the optically important grains in comets is nearly 
an order of magnitude larger than the effective radius of 
the grains responsible for the general interstellar extinc- 
tion . Jewitt and Meech ( 1 986) suggest that the grains incor- 
porated in comet nuclei during the formation of the Solar 
System could have grown to the larger radii characteristic 
of comet grains by accretion in the cores of molecular 
clouds. In fact, optical/infrared extinction and polariza- 


tion studies provide strong evidence that the grains in the 
Orion nebula (Breger et ah 1981) and the Ophiuchus Dark 
Cloud (Castelaz et al. 1985) are larger than interstellar 
grains. Small grains were detected in the coma of P/Halley 
by the Giotto dust detectors, but the differential size distri- 
bution flattens out below grain radii of —0.5 ju,m (McDon- 
nell et al. 1987, 1991), so that the small grains do not 
contribute significantly to the optical scattering and emis- 
sion from the coma (see also Hanner 1988, Jewitt 1991). 
We assume in the discussion that follows that the grain 
radius measured by the infrared emission is the optically 
weighted mean defined above. 
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We have assumed in our analysis that the grains in 
the coma are radiatively cooled, and that heat losses by 
conduction to the gas are negligible. In the steady-state 
model (see Appendix A), the grains are accelerated to 
terminal velocity by momentum coupling to the gas. The 
hydrodynamic coupling is through the viscosity of the 
plasma. Since the transport properties of viscosity and 
thermal conductivity are proportional to each other (and 
to T u ~), the grains are thermally coupled to the gas as long 
as they are being accelerated by the gas. The density of 
the gas in the outflow decreases inversely as the square 
of the distance from the nucleus. When the gas mean free 
path, which is inversely proportional to the gas density, 
approaches the size of the grains, the coupling to the gas 
is reduced and both the thermal conductivity and the 
viscosity become proportional to the pressure. In general, 
we do not know the coma radius at which this condition 
occurs, but from this point outward the grains cool radia- 
tively, and the relationship between flux and diaphragm 
diameter is linear (see Eq. A-4). Visible images of Comet 
Levy 1990c with the Hubble Space Telescope show that 
this linear relationship holds to diaphragm radii as small 
as 0.1 arcsec (Weaver et al. 1992). We therefore believe 
that it is safe to assume that cooling of the grains by 
thermal conduction to the gas can be ignored for the coma 
in the observing diaphragms we used in this study (radii 
of 1.1 to 13.5 arcsec). 

A. General Morphology of the Energy Distributions 

Figures 1-3 display typical infrared energy distributions 
exhibited by P/Halley and the six other recent comets 
measured in this study. We have included the energy 
distributions of the coma, tail, and anti-tail of Comet Ko- 
houtek (Ney 1974a) in Fig. 1 for comparison. In all cases 
(except Machholz, which was too faint for our O’Brien 
detector at short wavelengths) there was a clearly defined 
visible/near-infrared continuum due to reflected sunlight 
and a thermal-infrared component due to thermal emis- 
sion from dust. Both these components have been ob- 
served previously in many comets (see Ney 1982a). The 
comets in our study appear to fall into two basic classes 
based upon their thermal infrared dust emission (Figs. 2 
and 4-6): I, those that show continuum emission with low 
superheat and weak or muted silicate emission features 
(designated IR Type I by Gehrz et al. 1989), and II, those 
that have optically thin 10- and 20-p.m silicate emission 
features (Woolf and Ney 1969) superimposed on a super- 
heated thermal infrared continuum believed to be caused 
by emission from small carbon or iron grains (designated 
IR Type II by Gehrz et al. 1 989). The IR Type I/II designa- 
tion assigned by Gehrz et al. (1989) was based upon the 
fact that the IR Type I comets had Type I (ion) tails, and 
the IR Type II comets were characterized by the presence 
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FIG. 1. Typical coma energy distributions for P/Halley when the 
10-/xm silicate emission feature was present (10.77 February 1986 UT) 
and absent (25.5 March 1986 UT) showing the scattered solar and thermal 
continua. Statistical errors are smaller than the plotting symbols. R is 
the heliocentric distance in AU, A is the geocentric distance in AU, A 
is the albedo, and S is the superheat. The energy distributions of the 
coma, dust tail, and antitail of Comet Kohoutek are included for compari- 
son (data for Ney 1974a). Also shown are blackbody energy distributions 
corresponding to the black sphere temperature at the heliocentric dis- 
tance of each comet as given by Eq. (3). 


of prominent Type II (dust) tails. It is evident from Figs. 
1 and 3 that there were occasions upon which P/Halley, 
normally an IR Type II comet, became an IR Type I 
comet. 

The differences between the dust emission from IR 
Types I and II comets could be caused by effects that are 
dependent upon grain size. The energy distributions of 
the IR Type II comets are similar to those of Kohoutek’s 
Type II dust tail and coma which were composed of small 
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FIG. 2. The energy distributions of six recent bright comets compared to P/Halley. The quantities R, A, A, and S are as defined in Fig. I. 
Statistical errors are smaller than the plotting symbols. Panel (a) shows comets whose energy distributions are characterized by 10- and 20-^tm 
silicate features superimposed on a smooth continuum caused by thermal emission from carbon or iron grains. Panel (b) shows the IR Type I 
comets in our survey. 


grains (less than 1 fi m in diameter) with an optically thin 
silicate component. IR Type I comets have energy distri- 
butions more like that of the anti-tail of Comet Kohoutek. 
Ney (1974a) has argued that the anti-tail is composed of 
“gravel” (diameters greater than 1 mm) in the plane of 
the comet orbit (see also Sekanina 1974a, b, 1976). The 
coma and dust-tail grains of Kohoutek and the coma grains 
of the IR Type II comets are superheated as defined in 


Section B, the anti-tail grains of Kohoutek are not super- 
heated at all, and the superheat of the coma grains of the 
IR Type I comets is small. 

B. Comet Grain Properties 

Spectral energy distributions of the comets in our sam- 
ple (Table II and Figs. 1-7) can be used to determine: 
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FIG. 3. The 7- to 14-/*m energy distribution of P/Halley showing temporal variations observed in the contrast of the lO ^m silicate emission 
feature R and S are as defined in Fig. 1. Statistical errors are smaller than the plotting symbols. The silicate feature was occasionally weak or 
absent for heliocentric distances both less than and larger than 1 AU. On 25.5 March, when the signature was absent, the albedo of P/Halley fell 
to about 0.08. The blackbody curves were determined from the continuum outside the feature. 


1, the mineral content of the grains; 2, the rough size 
distribution of the grains responsible for the thermal infra- 
red emission; 3, some structural properties of the grains; 
and 4, the temporal variability of these properties. 

The mineral composition of comet grains. The 10- and 
20-/u,m emission features in the IR Type II comets indicate 
that there is an optically thin silicate dust component 
in the coma. These features, observed first in a comet 
(Bennett 1969i) by Maas et al. (1970), suggest that IR 
Type II comets contain the same type of silicate materials 
observed in the circumstellar shells of cool supergiant 
stars (Woolf and Ney 1974). Silicate emission features are 
usually, though not always, present in P/Halley spectra 
as discussed below (Figs. 1 and 3). Recent determinations 
of the composition of P/Halley’s coma grains by the 
Giotto PIA mass spectrometer appear to confirm the pres- 
ence of iron-magnesium silicate material in the inner 
coma (Kissel et al. 1986). The thermal continuum radia- 
tion from 3 to 8 pm that is present in both IR Type I and 
IR Type II comets is believed to be due to carbon or iron 
(Ney 1982a); we assume in the following discussion that 
the material responsible for this thermal continuum emis- 
sion is carbon. 


P/Halley is the only periodic comet among the seven 
observed in this study; the remainder are new comets. 
Although previous studies (Ney 1974a, 1982a) had sug- 
gested that silicate signatures were muted or missing in 
periodic comets and that new comets usually have strong 
10- and 20-/Ltm emission features indicating the presence 
of small silicate grains, the additional data we present here 
leads to the conclusion that the presence or absence of 
small silicate grains does not necessarily depend upon the 
processing history of the nucleus. Indeed, as shown in 
Fig. 2, the old Comet P/Halley has stronger silicate emis- 
sion than any of the new comets in our sample, and there 
are at least two examples of new comets (KBM and Austin 
1984) that have no small silicate grain component. The 
superheat of the continuum emission from these last two 
is quite small, suggesting that they have large grains like 
the anti-tail of Comet Kohoutek (Fig. 1); the grains in this 
case may be larger than hundreds of micrometers. Telesco 
et al. (1986) have concluded that the dust tail of Comet 
Giacobini-Zinner was composed of dust grains with radii 
as large as =300 /xm. In the case of the comets with 
optically thin silicate emission features, the super heat is 
high enough to signify that grains with radii as small as 
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NAME 

SPECIAL SELECTION 
CRITERIA, COMMENTS 

SILICATE EMISSION 
EXCESS 

IN MAGNITUDES 

%8 

(<8»-l 

X100) 

1975 IX 

Extreme 

IR Type I Comet 

0.10 

± 

0.03 

5 

± 1 

I960 XV 

IR Type 

I Comet 

0.33 

± 

0.07 

11 

± 2 

1904 XIII 

Extreme 

IR Type I Comet 

0.13 

± 

0.03 

5 

± 2 

1985 VIII 

IR Type 

I Comet 

0.25 



7 


1989c j 

IR Type 

I Comet 

0.20 

+ 

0.08 

7 

i 6 

1989 X 

IR Type 

I Comet 

0.11 

+ 

0.11 

6 

+ 3 

Bennett 

Extreme 

IR Type II Comet 

1.08 

± 

0.11 

37 

± 9 

Kohoutek 

IR Type 

II Comet 

0.68 

i 

0.11 

22 

± 3 

West 

IR Type 

II Comet 

0.66 

t 

0. 10 

34 

± 7 

IR Type I 

Average 
IR Type 

over all 
Comets above 

0.24 


0.03 

8 

± 1 

IR Type II 

Average 
Type II' 

over all IR 
s above 

0.76 

i 

0.00 

29 

± 3 

P/Halley 

Average 

of all days 

0.53 

± 

0.04 

27 

± 1 


The errors quoted here are the standard deviation of the mean a xf 
measurements of a given comet, or grouping of comets. 


0.5 to I fim dominate the emission from the center of the 
coma. 

A key issue is whether the continuum emission and the 
silicate emission features are from separate grain distribu- 
tions, or whether both spectral components are emitted 
by composite, fluffy aggregate grains having either the 
“cluster-of-grapes” morphology exhibited by interplane- 
tary dust particles (IDPs) collected in the atmosphere and 
oceans of the Earth (Brownlee 1987, Brownlee etal. 1980, 
Fraundorf et al. 1982) or the core/mantle structure as 
proposed by Hanner etal. (1981), Greenberg (1982, 1986), 
and Greenberg and Hage (1990). Gehrz et al. (1989) have 
argued that the presence or absence of the 10- and 20-/a.m 
emission features can be explained by grain size effects 
alone. We present evidence in the discussion below that 
our albedo measurements and the correlation between 
superheat and 10-jum silicate emission strength (Table IV, 
Fig. 6) appear to favor the composite grain hypothesis. 

Superheat as a grain size indicator. P/Halley and 
other IR Type II comets are characterized by an elevation 
of the temperature of the thermal infrared continuum con- 
siderably above the black-sphere temperature appropriate 
to the comet’s heliocentric distance. Ney (1974a, 1982a) 
has suggested that the grains in these comets are super- 
heated because they are too small to radiate like blackbod- 
ies. A quantitative measure of the relationship between 
the grain radius and the grain temperature T gr can be 
established by setting the power absorbed by the grain 
from the solar radiation field equal to the power emitted 
by the grain in the thermal infrared, 


™ 2 Q a = 4ira 2 Q e <r Tg r , 


( 1 ) 


where r is the heliocentric distance, a is the grain radius 
in centimeters, L Q = 3.826 x 10” erg sec -1 is the solar 
luminosity, cr = 5.6696 x 10’ 5 erg cm’ 2 deg’ 4 is the 
Stefan-Boltzmann constant, and Q a (a, T ) and Q t (a, T ) 
are the Planck mean absorption and emission coefficients 
(see Gilman 1974). Q a is the absorption efficiency of the 
grain averaged over the energy distribution of the illumi- 
nating source (the Sun), and Q e is the thermal emission 
efficiency of the grain at T gr . Solving Eq. (1) for the grain 
temperature yields 


r -f LqQ * T 4 

gr _167rcr r 2 Q e _ ' 


( 2 ) 


which gives the black sphere temperature T BB , 
T - 278 V 

y BB ~ 


(3) 


in the case when Q a = Q e = 1 , where r A is the heliocentric 
distance in AU (1 AU = 1.4960 x I0 13 cm). Equation (2) 
demonstrates that for small grains where Q c < Q a , the 
grain temperature must rise above the black-sphere tem- 
perature in order for the grain to come to radiative equilib- 
rium. Equation (3) defines a lower limit to the temperature 
that comet grains can assume as a function of heliocentric 
distance. 

We define the superheat S = T obs /T BB as the ratio of the 
observed carbon-grain temperature to that expected for a 
perfectly conducting black sphere at the same heliocentric 
distance. Assuming that the infrared color temperature 
of the grains T obs measures the physical temperature of 
the grain T gr , Eqs. (2) and (3) can be combined to show 
that 5 measures the fourth root of the ratio of Q a to 

a. 



where the right-hand side is unity for large grains and 
becomes progressively larger as the grain size decreases. 
T ohi and T v are equivalent in cases where the grain emis- 
sivity does not vary significantly over the spectral region 
used to define the color temperature. Our determination 
of the carbon continuum color temperature was heavily 
weighted by measurements in the 2.3- to %.1-pm spectral 
region where the emissivity is approximately constant for 
small carbon grains with radii larger than about 0.5 pm 
(see Temi et al. 1989), and we believe that the color tern- 
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peratures given in column 9 of Table III are representative 
of the physical grain temperatures. Some comets, includ- 
ing P/Halley, show weak hydrocarbon emission at 3.28 
fim (Brooke el al. 1986, 1988, 1991), and silicates can 
contribute weakly to the 8.6-/am emission. Neither of 
these emission contributions significantly affects the con- 
tinuum color temperature for the cases studied here. 

We calculated the superheat as a function of grain radius 
a and temperature T gr for small carbon grains illuminated 
by the solar radiation field using the Planck mean absorp- 
tion cross sections for graphite grains published by Gilman 
(1974). The Sun was assumed to radiate like a blackbody 
with an effective temperature of 5800 K. Our results are 
plotted in Figs. 4-6. 

The dependence of the grain temperature on heliocen- 
tric distance (Fig. 4) shows that the grains in P/Halley 
(Fig. 4b) were superheated compared to those in the re- 
maining comets in this survey (Fig. 4a). In both cases, it 
is evident that the grain temperature falls as the square 
root of the heliocentric distance. All of the comets plotted 
in Fig. 4a are IR Type 1, which have relatively large 
grains. We believe that the comparison of various comets 
presented in Fig. 4c provides a powerful demonstration 
that Eq. (3) defines the lower limit to the temperature of 
comet dust. The comet dust trails detected by the Infrared 
Astronomical Satellite IRAS (Sykes el al. 1986, Sykes 
and Walker 1992) and the anti-tail of Comet Kohoutek 
(Ney 1974a) are included in the summary comparison 
presented in Fig. 4c. The particles in comet dust trails and 
Kohoutek’ s anti-tail are expected to be large compared to 
the grains in the inner coma, and they therefore provide 
an excellent indication of the lowest temperatures that 
can be attained by cometary solids. 

The cross-hatched region in Fig. 5 shows the range of 
grain temperatures and superheats recorded for P/Halley 
(Table III). We conclude that P/Halley’s coma continuum 
emission was usually produced by grains with radii be- 
tween 0.5 and 1 ju.m. There were occasional episodes 
when P/Halley’s grains appeared to be as large as 5 /xm 
(Fig. 5). It is apparent from Fig. 5 that grains larger than 
6-7 fj.m probably populate the comae of the average IR 
Type I comet. 

An examination of similar data on the thermal emission 
from other extreme IR Type II comets (Maas et al. 1970, 
Ney 1974a, b, 1982a) leads us to conclude that their comae 
have small grains similar to those in the coma of P/Halley . 
On the other hand, the thermal emission from the comae 
of the most extreme IR Type I comets observed in the 
current study appears from Table III and Fig. 5 to be 
predominantly from large grains. The superheat in Comets 
KBM, Bradfield 1980 XV, Austin 1984 XIII, and Austin 
1989c, was frequently low enough to imply that the coma 
grains were as large as 20 jam. The absence of strong 
silicate emission in the IR Type I comets (Fig. 2b) may 


also indicate the presence of large silicate grains. Ordi- 
narily, the absence of the 10-/xm silicate emission feature 
is taken to indicate that the grains are carbon or iron. 
However, Rose (1979) reported laboratory experiments 
demonstrating that olivine grains with radii ==10-20 ^xm 
had weak 10-/xm emission features and that grains larger 
than 37 gm exhibited no feature at all. 

Although there is no reason to believe a priori that 
the size distributions of the carbon and silicate grains in 
comets are related, our data show that there is a fairly 
strong correlation between superheat and 10-jixm silicate 
emission excess (Table IV and Fig. 6), with silicate emis- 
sion increasing as superheat increases. Ney (1982a) noted 
a similar tendency among a smaller sample of comets. 
Several interpretations of this result appear plausible. It 
is possible that the grain-size distributions of the carbon 
and silicate particles are quite similar, so that the pro- 
cesses that apparently deplete the small particles in the 
IR Type I comets affect both types of particle similarly. 
Alternatively, the comet grains may be highly irregular 
fluffy aggregates of silicate and carbonaceous grains. Two 
possible forms for these aggregates are the “cluster-of- 
grapes” morphology exhibited by the IDPs described by 
Brownlee (1987), Brownlee et al. (1980), and Fraundorf 
el al. (1982) and the silicate-core/carbon-mantle particles 
suggested by Greenberg (1982, 1986). In the case of aggre- 
gate particles, both the continuum emission and the sili- 
cate emission arise from the same particles, and increasing 
particle size naturally leads to a suppression of both the 
superheat and the silicate emission feature (see the discus- 
sion of the large grains in Comet P/Encke by Gehrz et al. 
1989). Both scenarios require that the IR Type I comets 
be relatively depleted of small particles. 

We have plotted values averaged over all measurements 
of each comet in Fig. 6. Despite the strong correlation 
between superheat and silicate excess, there were occa- 
sional episodes for some comets when low superheat was 
accompanied by strong silicate emission (e.g., Bradfield 
1980 XV, Days +3.3 and 4.3), and vice versa (e.g. , Austin 
1989c ; , Day +5.82). There may be conditions under 
which the carbon and silicate components can be affected 
independently. 

The albedo of comet dust and the structure of the 
grains. Following the arguments presented by Van de 
Hulst (1957), Hanner et al. (1981), and Eaton (1984), we 
define a bolometric albedo A for small grains by the rela- 
tionship 

fv is _ A /c\ 

/, R ' I"*’ 

where the left-hand side of Eq. (5) is the ratio of the energy 
scattered in all directions to the total energy removed 
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FIG. 4. The observed coma continuum temperature 7^ plotted as a function of heliocentric distance for (a) the six comparison IR Type I 
comets observed in the present survey (open circles) and comet Crommelin I983n (datum from Hanner el ai 1985b), (b) Comet P/Halley, and (c) 
Comet P/Halley compared with the IR Type I comets with the lowest superheat from this survey, Comet Crommelin 1983n, the anti-tai! of Comet 
Kohoutek, and the cometary dust trails detected by the Infrared Astronomical Satellite IRAS (data from Sykes and Walker 1992). Crommelin 
1983n is the darkest comet known. The comet dust trails detected by IRAS (Sykes et ai. 1986, Sykes and Walker 1992) and the anti-tail of Comet 
Kohoutek (Ney 1974a) shown in panel (c) are believed to be composed of large particles and therefore provide an indication of the lowest 
temperatures that can be attained by cometary solids. The solid line given by Eq. (3) evidently sets the lower limit to the temperature that comet 
grains assume as a function of heliocentric distance. It is apparent that P/Halley shows a much larger temperature excess on the average than do 
the comparison comets. In both cases, the data are consistent with an r~ m dependence for the temperature. 

from the incident beam, / vis is the apparent intensity inte- of the left-hand side of Eq. (5) must be derived from 

grated over all scattering angles due to scattering of solar measurements of the visible/near-infrared energy distri- 

radiation, and_/j R is the integrated apparent thermal emis- bution of the coma at all phase angles, because the scatter- 

sion due to reradiation of the absorbed component. In the ing phase function is highly anisotropic (see Van de Hulst 

case of small comet grains, the quantity in the numerator 1957, Bohren and Hufmann 1983, Hanner et al. 1981). 
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FIG. 5. The superheat S plotted as a function of grain radius a and 
temperature for small carbon grains illuminated by the solar radiation 
field, assuming that the Sun has an effective temperature of 5800 K. 
Curves are based on Gilman’s (1974) calculations of the Planck mean 
absorption cross sections for graphite grains. The range of grain tempera- 
tures and superheats recorded for P/Halley confirm that its coma contin- 
uum emission was usually produced primarily by particles with radii 
between 0.5 and 1 micrometer. When P/Halley exhibited IR Type I 
characteristics, its coma grains may have been as large as 5 ^m. Typical 
IR Type I comets as characterized by the remaining comets in this 
survey have an average superheat of S = 1.08, suggesting the presence 
of grains with radii as large as 10 jxm. 


Since the energy removed from the beam is that absorbed 
by the grains and therefore reemitted by them in the infra- 
red, the quantity in the denominator can be determined 
by measurements of the thermal infrared energy distribu- 
tion of the coma. For a scattering angle 6, the bolometric 
albedo as a function of scattering angle A(0) given by 
the integrated scattered and emitted energy distributions 
follows from Eq. (5) as 


MS) = 


m 

i +m' 


(6) 


where 


f(a\ _ [X/ x (vis, ^max /-j\ 

H ) ~fi R (0) “ [X/ x (IR,0)W 

In Eq. (7), f vh {6) and f m (6) are the integrated apparent 
intensities in the scattered and thermal energy distribu- 
tions of the coma, respectively, for the scattering angle 6. 

The mean bolometric albedo A averaged over all scat- 
tering angles is then given by 

A = — C A(6) dd. (8) 

7 T J 0 

The scattered and thermal energy distributions of comets 
can be closely approximated by blackbody energy distri- 
butions. We show in Appendix A that, for black body 
radiation, the integrated intensity F is related to the maxi- 
mum of the (X.FJ function by F = 1 .36(\F x ) max . The 
quantities [X/^fvis)],^ and [X/ x (IR)] max for P/Halley are 
plotted as a function of r in Fig. 7. 

We have examined the scattering phase function of 
comet grains for a number of comets by measuring the 
ratio of the solar energy reflected by the grains to the 
absorbed solar energy reemitted by the grains as a func- 
tion of phase angle (Fig. 8). Comets West 1976 VI (1975h) 
(Ney and Merrill 1976) and Bradfield 1980 XV (Tables 
I—III) passed between the Earth and the Sun, enabling us 
to make an excellent determination of A{6) for typical 
comet grains at scattering angles between 30° and 150° 
(Fig. 8a). Our observations of these comets near inferior 
conjunction showed that typical comet grains have a mod- 
erately strong forward-scattering peak as would be ex- 
pected for small particles (Fig. 8b). There is no evidence 
in our comet data for a backscattering peak that would be 
expected for spherical particles (Fig. 8b), and the forward- 
scattering lobe for comet dust is lower than that expected 
for spherical particles (Fig. 8b). Typical comet grains as 
defined by the data on Comets West and Bradfield 1980 
XV have a mean bolometric albedo of A ~ 0.32, and A(9) 
* 0.15 for scattering angles between 120° and 180°. 

The flattened forward-scattering lobe and the absence 
of a pronounced backscattering peak in A(0) for comet 
dust (Fig. 8a) strongly suggest that the comet grains are 
nonspherical and, perhaps, fluffy aggregates as suggested 
by Hanner et al. (1981), Greenberg (1982, 1986), 
Greenberg and Hage (1989). Figure 8b shows A{6) derived 
from laboratory data for small cloud chamber droplets 
(from the data presented by Webb 1935 and Wilson 1951), 
nonspherical particles (Bohren and Hufmann 1983), and 
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FIG. 6. The silicate excess (in magnitudes) plotted as a function of percent superheat ([5 - 1] x 100; see Eq. (4) for the definition of 5) for 
recent bright comets (data in Table IV). The linear relation (solid line) is y = 0.0233a* + 0.0394. The correlation coefficient is 0.94. 



r in AU 
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FIG. 7. The activity of the nucleus of P/Halley as a function of heliocentric distance at (a) visible and (b) infrared wavelengths as measured 
by variations of the apparent intensities [XA(V)] max and [X/ A (IR)] max , respectively. The coma model described in Appendix A has been used to 
correct the data for emission in the reference beam and to normalize the apparent intensities to a geocentric distance of A = 1 AU and a beam 
diameter of 20 arcsec. Statistical errors are smaller than the plotting symbols. The parallelograms superimposed on panels (a) and (b) show that 
P/Halley generally brightened proportionally to r -4 as predicted by the theory of nuclear activity described by Eqs. (9) through (12), but varied 
by almost a factor of 10 on short time scales. 
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FIG. 8. The albedo of comet grains as a function of scattering angle as measured by the ratio of the scattered to the reemitted (absorbed) 
radiation' Panel (a) shows data for West I975h (data for Ney and Merrill 1976) and Bradfield 1980 XV (data from this paper) that define the albedo 
of cometary grains for scattering angles between 30° and 150°. The flattened forward scattering lobe and the absence of a pronounced backscattering 
peak suggest that the comet grains are nonspherical and, perhaps, fluffy. Panel (b) shows laboratory data for small water droplets in cloud chambers 
(from the data presented by Webb 1935 and Wilson 1951) and nonspherical particles (Bohren and Hufmann 1983, Hanner el at. 1981). Panel (c) 
shows data for P/Halley for scattering angles between 1 14° and 165°, illustrating that P/Halley's grains were highly variable in albedo, but on the 
average were about the same as the grains of the comets in panel (a). Panel (d) shows data for Comet West 1975h (data from Ney and Merrill 1976), 
Crommeiin 1983n (datum from Hanner el at. 1985b), and all the comets for which new data are reported in this paper with curve 3 from Fig. 5b 
superimposed for comparison. The side scattering albedo of comet grains generally lies in the range 0.1 £ A s 0.3, and the grains of individual 
comets can display a high degree of variability in albedo. To our knowledge, Crommeiin is the darkest comet on record. 
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fluffy aggregates (Hanner et ah 1981). The comet data 
are consistent with the curves for nonspherical particles 
and fluffy aggregates. These characteristics are also con- 
sistent with theoretical results for "fluffy” aggregates 
(Greenberg 1982, 1986). 

Figure 8c shows A(0) for P/Halley for scattering angles 
between 114° and 165°, indicating that P/Halley’s grains 
were highly variable in albedo, but on the average had a 
side-scattering albedo similar to that of the grains of the 
comets in Fig. 8a. We were able to observe P/Halley at 
backscattering angles out to 165° near perihelion passage. 
Any backscattering increase appeared to be small. 
P/Halley’s dust coma had an average albedo of A(0) ~ 
0.20 at a scattering angle of 130°, making it slightly brighter 
than the comae of average comets at phase angles from 
120° to 165°. This would be expected for an extreme IR 
Type II comet with a significant small silicate grain com- 
ponent. We note that the lowest side-scattering albedo we 
observed for P/Halley (A(0) » 0.08) occurred when the 
l0-/xm silicate emission feature was absent. Both of these 
indicators are consistent with a coma at these times that 
was populated predominantly by large grains. 

Figure 8d shows A(Q) for Comet West, Comet Crom- 
melin 1983n, and all the comets for which data are re- 
ported in this paper. We conclude that the side-scattering 
albedo of comet grains generally lies in the range 0.1 < 
A < 0.3, but that the grains of individual comets can 
display a high degree of temporal variability in albedo 
during an apparition. 

Variations in the silicate emission feature and al- 
bedo . Variations in several grain composition indicators 
were observed for P/Halley. Our data (Fig. 3) and addi- 
tional infrared data obtained by Hanner et ah (1987) and 
Tokunaga et ah (1986 and 1988) at the NASA Infrared 
Telescope Facility (IRTF) show that P/Halley’s silicate 
emission feature was occasionally weak or absent. Al- 
though this behavior usually occurred at heliocentric 
distances greater than 1 AU, there were several occa- 
sions when this behavior occurred at small heliocentric 
distances (e.g., 26.8 January 1986 UT and 14.67 Febru- 
ary 1986 UT). Furthermore, our data show that the 
strength of the 10-/xm silicate emission feature varied 
significantly when P/Halley was inside a heliocentric 
distance of 1 AU (Fig. 3). Ryan and Campins (1991) 
reached a similar conclusion based upon a more limited 
data set. 

The disappearance of the silicate signature for distances 
greater than 1 AU was previously noted for Comet Ko- 
houtek by Rieke et ah (1974). Comet Bradfield 1980 XV 
(Ney 1982a and Tables I— III of this paper) clearly was an 
IR Type II comet near perihelion (Fig. 2a), but showed 
no silicate emission beyond r = 0.6 AU. 

On one occasion when P/Halley’s silicate feature was 


missing, the dust albedo fell as low as 0.08 (Fig. 8). A 
similar correlation between silicate signature strength and 
dust albedo is clearly evident for Comet Bradfield 1980 
XV (this paper, Table III) and was noted in Comet Brad- 
field 1974b by Ney (1974b). 

C. The Physics of the Nuclear Ablation Process 

Our observations provide information about the nature 
of the nuclear ablation process by (i) showing that produc- 
tion rate and outflow of grains from the nucleus nominally 
conforms with the steady-state model, (ii) establishing the 
amplitude of short-term temporal variations in the activity 
of the nucleus, and (iii) measuring the mass loss rate of 
the solid material. 

Constraints on models of the production and outflow of 
coma grains . We made nearly simultaneous observa- 
tions of P/Halley with several diaphragms on four sepa- 
rate occasions using the O’Brien and WIRO telescopes 
and obtained multiaperture photometry of Comet Brad- 
field 1980 XV during a time span of about 1 hr on one 
occasion from Wyoming. These multiaperture measure- 
ments can be interpreted in terms of the steady-state 
model of nuclear activity described in Appendix B. In this 
model, grains are released from the nucleus at a constant 
rate and flow outward from the nucleus at constant veloc- 
ity. Reitsema et ah (1989), in an elegant study, showed 
that the visible images of the inner coma of P/Halley by 
Giotto were consistent with the interpretation that the 
individual active areas on the nucleus behave according 
to the steady-state model. 

Our multidiaphragm observations of P/Halley and 
Comet Bradfield 1980 XV (Fig. 9) show that the coma flux 
was usually proportional to <f> and that the steady-state 
grain production model was valid for times as great as 0.25 
days (6 hr) on most occasions. Possible jet-like activity 
developing rapidly on time scales of a few hours is sug- 
gested by our P/Halley observations on 9.83 February 
1986 UT, when the average flux recorded in a 20-arcsec 
beam at O’Brien was less than that expected from the flux 
recorded in an 8.3-arcsec beam at WIRO. The sudden 
activation of an intense gas jet, similar to those seen in 
the Giotto images (Keller et ah 1986), appears to provide 
a plausible explanation for the 9.83 February measure- 
ments. One set of infrared imaging observations, obtained 
a few hours prior to the Giotto encounter by Hayward et 
ah (1986), tends to confirm the hypothesis that the infrared 
variations may be profoundly affected by jets releasing 
material on the sunward side of the nucleus. 

Activity in comet nuclei . Figures 7 and 10 summarize 
the activity of the nuclei of P/Halley and the six other 
recent bright comets studied in this work as measured by 
the infrared luminosities of their comae. In Fig. 10, we 
have included schematic representations of the average 
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FIG. 9. Coma brighlnesses of P/Halley and Bradfield 1980 XV as a 
function of aperture diameter. The coma model described in Appendix 
A has been used to correct the data for emission in the reference beam. 
The data are generally consistent with a constant production rate of 
grains in a constant velocity outflow (the steady-state model described 
in Appendix A). 


activity of some of the other bright comets we have mea- 
sured previously (Ney 1982a, Gehrz et al. 1989). The 
activity in most comets is proportional to r~ A both preced- 
ing and following perihelion passage with small superim- 
posed variations. Comet West 1976 VI (1975b) brightened 
significantly after perihelion because the nucleus broke 
into four parts. Encke probably behaves differently than 
most comets because of an appreciable contribution to 
the thermal emission by the nucleus itself (Gehrz et al. 
19 89). 

The apparent infrared intensity /^(IR) of an optically 
thin comet coma in a beam of angular diameter <}> radians 
that is much smaller than the angular extent of the coma 
follows from Eqs. (2), (A-4), and (A-6), to be 


directly proportional to the intensity of the solar radiation 
incident upon the nucleus, then 

dN(r) _ dN(r p ) 
dt dt 



where r p is the perihelion distance, dN(r p )/dt is the grain 
production rate in grains sec” 1 at perihelion, and r is the 
heliocentric distance. Combining Eqs. (9) and (10), we 
find that the apparent coma intensity is 


f+m = 


trQaLp ] <j) dN(r p ) ^ 

64 V 0 Jr 4 A dt r 4 A' 


(ID 


An interesting variation of the relationship expressed by 
Eq. (11) occurs in the case when the luminosity of the 
coma is generated by emission from small silicate grains 
for which the emission efficiency is proportional to the 
grain radius a (Gilman 1974). In this case, the apparent 
infrared intensity of the coma is directly proportional to 
the total mass A/ gr of the grains, 



4(IR) = 1.3586(\A) max 


Tra-Q^T^ 

4>dN _ 

r« : 0 a £el 

4> dN 

4V 0 J 

A dt 

L 64V 0 J 

r 2 A dt 


where Q a and Q c are, respectively, the Planck mean ab- 
sorption and emission coefficients for the grains as defined 
by Gilman (1974), where r and A are the heliocentric and 
geocentric distances in centimeters. If the grain produc- 
tion rate as a function of heliocentric distance dN(r)/dt is 


FIG. 10. The infrared activity of the nucleus of P/Halley compared 
to that of the nuclei of other recent bright comets as a function of 
heliocentric distance as measured by variations in the quantity 
[X/ x (IR)] max . The coma model described in Appendix A has been used 
to correct the data for emission in the reference beam and to normalize 
the apparent intensities to a geocentric distance of A = 1 AU and a 
beam diameter of 20 arcsec. Comets Bennett 1970 II, Kohoutek I973f, 
West 1975h (Ney 1982a), and P/Encke (Gehrz et al. 1987) are shown for 
comparison; the step function in activity for West near perihelion was 
caused by the breakup of the nucleus. An r~ 4 activity model adequately 
describes the heliocentric brightening of almost all comets. P/Halley 
exhibited large variations about the canonical law. 
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4(IR) 
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r 4 A ’ 


( 12 ) 


It is evident from Eq. (1 1) that the approximation quan- 
tified in Eq. (10) for the apparent luminosity of comets 
implies a dependence of r -4 for both the energy absorbed 
and the energy reemitted. The quantity (A/j max for the 
thermal emission is a measure of the energy reradiated 
and is equal to the energy absorbed. It is a better measure 
of a comet's intrinsic brightness than short-wavelength 
reflected light measurements because of the variation in 
albedo with phase angle. 

Both short-term and long-term variations in comet nu- 
cleus activity that are superimposed upon the r -4 radial 
dependence can be readily evaluated by examination of 
the quantity given in column 18 of Table III. This quantity 
has been normalized using Eqs. (1 1), (B-l), and (B-2) to 
give the flux expected in a standard circular 20-arcsec 
diameter diaphragm for an infinite reference beam throw 
with the comet at a standard heliocentric distance of r - 
1 AU and a standard geocentric distance of A =1 AU. 

In the comparison with the six other comets observed 
in this work (Fig. 10), P/Halley (Fig. 7) is seen to exhibit 
more frequent large-amplitude variations about the r~ 4 
brightening law than is usually the case. Overall , we found 
that P/Halley varied in brightness by a factor of up to 7 
on time scales of a few hours and days and by a factor of 
10 overall compared to the expected rate of brightening 
with changing heliocentric distance; its thermal emission 
was as dim on some occasions as that of Kohoutek 1 973f 
and as bright as that of Comets Bennett 1970 II and West 
1975h on others. The large variations of P/Halley are also 
apparent in the scattered component (Fig. 7). 

Our data enable us to draw several conclusions with 
regard to the activity of the nucleus and coma of P/Halley: 

(1) Neither the large short-term variations nor the long- 
term variations in the bolometric infrared emission from 
P/Halley appear to correlate in any detail with the visible 
variations reported by Green and Morris (1987) and Millis 
and Schleicher (1986). Green and Morris (1987) found 
that the heliocentric dependence of the integrated visible 
magnitude of P/Halley’s coma varied asymmetrically 
about perihelion passage, with the comet being signifi- 
cantly brighter postperihelion. Our data show that both 
the heliocentric dependence of the scattered light (Fig. 
7a) and the thermal emission within a 20-arcsec beam 
were comparable pre- and postperihelion. Both our data 
and those of Green and Morris show large-amplitude 
short-term variations, but there is no detailed correlation 
between the intensity variations seen in our small beam 
with those exhibited by the entire coma. 

(2) Millis and Schleicher (1986) and Schleicher et al. 
(1990) reported visual photometry showing periodic varia- 


tions on a time scale of 7.4 days that they attributed 
to activity associated with the illumination of different 
regions of the nucleus. Although there is no obvious tight 
correlation between the variations exhibited in our data 
and those reported during overlapping periods by Millis 
and Schleicher (1986), both our data sets appear to be 
consistent with the inner coma being fainter in visible 
emission around 20 March 1986 and brighter around 
March 15, 23, and 25.5. We conclude that our data are 
consistent with the interpretation that the infrared varia- 
tions in P/Halley result from rotation of the nucleus, pre- 
senting active and passive surfaces to the Sun. Both 
Giotto images (Keller et al. 1986) and the groundbased 
10-p.m infrared images made during the Giotto passage by 
Hayward et al. (1986) suggest the presence of localized 
active jets on P/Halley’s nucleus which could account for 
such behavior. 

(3) McFadden et al. (1987) and Rettig et al. (1987) noted 
a marked brightening of P/Halley in several visible emis- 
sion bands during 23-25 March 1986 UT. Our data do not 
show any conclusive evidence of unusual brightening in 
either the scattered or the thermal emission from the inner 
20 arcsec of the coma at the beginning and end of this 
period. 

Dust mass loss rates of comet nuclei. The dust mass 
loss rate dM D /dt caused by the ablation of dN/dt grains 
sec - 1 from the comet nucleus, each having density p gr and 
radius a , is 


dM D dN 
dt ™ gr dt 


Att 

P gi 1 
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where m gr is the mass of a single grain. Combining Eqs. 
(9) and (13), we find that 


dM D 

dt 
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where V 0 is the grain ejection velocity and (X/J max is 
obtained by correcting the intensity given in Table III, 
column 11, for beam throw effects using Eq. (B-l). Pre- 
suming that the grains are accelerated to terminal velocity 
by momentum coupling to the gas, V 0 is of the order of 
the sonic velocity in the gas (Finson and Probstein 1968) 
which is given with the aid of Eq. (3) by 


v » - 5 * w Utr 

5 x 10 4 

= Yfi — cm sec - 1 0.5 km sec -1 , (15) 


where T BB is the blackbody temperature at the heliocentric 
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FIG. 11. The dust mass loss rates (normalized to a grain radius of 1 jxm and a geocentric distance of A = 1 AU) as a function of heliocentric 
distance (a) from the nucleus of P/Halley and (b) from the nucleus of P/Halley in comparison with the nuclei of the IR Type I comets in this survey. 
The coma model described in Appendix A has been used to correct the data for emission in the reference beam and to normalize the apparent 
intensities to a geocentric distance of A = 1 AU and a beam diameter of 20 arcsec. P/Halley showed substantial bursts of activity superimposed 
on the canonical r : law. The dust mass loss rates of the IR Type I comets shown here may be multiplied by a factor of 10 if it is presumed that 
their comae are composed primarily of 10 ^m grains. In this case, their dust mass loss rates are equivalent to the rates inferred for dusty IR Type 
II comets like P/Halley. 


distance r A in AU of the comet. Given the very weak 
dependence of V 0 on r, we use the approximation that V 0 
= 0.5 km sec -1 in the analysis that follows. We concluded 
above that the observed superheat 5 for the IR Type II 
comets discussed herein suggests a typical grain radius of 
a = 1 /im = 10~ 4 cm for the carbon grains responsible 
for the continuum emission. Typical IDP aggregates have 
a density of =£l g cm -3 , while pure carbon and silicate 
grains would have densities of =2-3 g cm -3 . We conclude 
that a typical comet grain can be presumed to have a 
density of = 1 g cm -3 (see also Hanner 1988). Using Eqs. 
(14) and (15) with a = 1 pm, p gr = 1 g cm' 3 , and Q a = 

1 , the dust mass loss rate becomes 

= 7 x 10’-' (X/ x ) max^T^gsec-', (16) 
dt <P S 

where r A and A a are the heliocentric and geocentric dis- 
tances in AU, d> s is the beam diameter in arcseconds, and 
(X/ x ) max is the integrated apparent infrared intensity in 
watts per square centimeter. We emphasize that the mass 


loss rates calculated above refer only to the emission from 
the optically important particles. Since a considerable 
amount of the dust mass is in large particles that do not 
contribute significantly to the infrared emission (see Jewitt 
1991), the mass loss rates given by Eq. (16) are lower 
limits. Sykes and Walker (1992) suggest that the mass loss 
in large particles may be more than double that estimated 
by other means. 

The observational results for our sample of comets, 
normalized to a grain radius of 1 jum, is summarized in 
Fig. 1 1, and it is clear from these that the dust mass loss 
rates for individual comets vary approximately as r^ 2 . 
This heliocentric distance dependency is readily under- 
stood by combining Eqs. (1 1) and (14) to yield: 

(17) 

dt A 

Applying Eq. (16) to the data for P/Halley, we find that 
its average mass loss normalized to a heliocentric distance 
of 1 AU is >10 6 g sec - '. P/Halley’s mass loss rate varied 
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about this mean value by up to a factor of 7 on short time 
scales (Fig. 1 la). For the remaining comets in this study 
(all IR Type I), Eq. (16) gives a mean loss rate that is a 
factor of — 10 lower than that for P/Halley (see Fig. I lb). 
If it is assumed that the IR Type I comets have grains as 
large as 10 (itm, their mass loss rates would be increased 
by a factor of 10 and would become comparable to the 
mass loss rate deduced for P/Halley. 

IV. CONCLUSIONS 


APPENDIX A: THE STEADY-STATE MODEL FOR 
INFRARED EMISSION FROM COMA DUST GRAINS 

In the so-called “steady-stale" model of nuclear activity (see Jewitt 
1991), the thermal emission from the coma results from dust grains 
ablated from the nucleus at a constant rate of dNfdt grains sec" 1 and 
flowing away from the nucleus at a constant velocity V 0 . Assuming that 
the coma is optically thin to thermal infrared radiation (see Ney 1982b, 
Jewitt 1991), the contribution to the apparent infrared intensity of the 
coma /(IR) by N dust grains is given by 


The 0.7- to 23-/xm observations reported in this paper 
for P/Halley and six other bright comets lead to several 
conclusions about the nature of comet grains and the 
physics of comet nuclear activity. 

(1) Comets can be classified by their thermal infrared 
energy distributions. IR Type I comets have low contin- 
uum superheat and the 10-^rn silicate emission is muted 
or absent. IR Type II comets have large continuum super- 
heat and strong silicate emission features. The differences 
may be due to grain size. 

(2) Simultaneous measurements of P/Halley and Brad- 
field 1980 XV with different diaphragms using telescopes 
in Minnesota and Wyoming are generally consistent with 
the steady-state model for nuclear ablation. 

(3) P/Halley’s dust coma had an average albedo of 0.20 
at a scattering angle of 130°. Our data show that the scat- 
tering phase function for typical comet dust is character- 
ized by a moderately strong forward-scattering peak, no 
appreciable backscattering peak beyond angles of 150°, a 
mean bolometric albedo of =«0.32, and a sidescattering 
albedo of —0.15. 

(4) The correlation between superheat and \0-/jim sili- 
cate excess, the flattened forward-scattering peak of the 
albedo curve, and the relatively low backscattering albedo 
are all consistent with laboratory and theoretical results 
for nonspherical and fluffy grains. These results appear to 
be especially consistent with core-mantle grain models 
such as have been proposed by J. M. Greenberg and 
his collaborators (Greenberg and Hage 1989, Hage and 
Greenberg 1989). 

(5) P/Halley's 10-/xm silicate signature showed signifi- 
cant variations in strength and was occasionally weak or 
absent at heliocentric distances both smaller and larger 
than 1 AU. 

(6) P/Halley’s coma luminosity fluctuated by a factor 
of nearly 10 on time scales of 1 to 2 days. These variations 
are consistent with the jet-like activity associated with 
nuclear rotation. 

(7) The mass loss rate for P/Halley was highly variable 
and averaged >10 6 g sec -1 at r = 1 AU. The mass loss 
rates for the IR Type I comets would be comparable to 
that deduced for P/Halley if it is assumed that their comae 
are composed of grains of radius a — 10 /nm. 


/(IR)ir = 


N4na 2 Q c o- T* obs NcrQ t cr T* h 


47 rA 2 




A 2 


(A-l) 


where L 1R is the coma luminosity, a is the grain radius, Q e is the Planck 
mean emission cross section of the grain (Gilman 1974), cr is the Ste- 
fan-Boltzmann constant, T obs is the grain temperature, and A is the 
geocentric distance. Assuming that the dust grain distribution is iso- 
tropic, the total number of grains in a spherically symmetric coma within 
a radius r of the nucleus is given by 


N - 



dN =dNj_ 
dt 1 dt V 


(A-2) 


where t - r/V 0 is the time required for grains to flow out to radius r at 
constant velocity V Q , and n{r) is the radial number density distribution of 
grains in the coma. Our multiaperture measurements typically occurred 
when A was between 1 and 1 .5 AU, so that the residence time of grains 
with V 0 = 0.5 km sec' 1 in the beams we used was between 0.6 hr (2.2- 
arcsec beam) and 6 hr (20-arcsec beam). By inspection of Eq. (A-2), 
it follows that the steady-slate model leads to a radial grain density 
distribution in the coma of 


n(r) = 


1 dN 
4nr 2 V 0 dt 


(A-3) 


Integrating this density distribution over the cylindrical volume V of the 
coma that is intercepted by a photometer beam of angular diameter <p to 
obtain the number N 4 of grains emitted into the beam, and substituting 
the result into Eq. (A- 1), we find that the apparent infrared intensity 
f^CIR) measured in the beam is 


/♦OR) : 




A 2 




a-Q c <xTl 

A 2 


J/J/W' 5 '- _ 


Tracer 7^ 
4V n 


±dN 
A dt ’ 
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where the result on the extreme right-hand side is for the case where the 
angular diameter of the beam is much smaller than the angular diameter 
of the coma. It can be seen from Eq. (A-2) that IR) oc ^A' 1 , leading 
to the correction terms specified in Eqs. (B-l) and (B-2) that we derive 
in Appendix B. 

The determination of / 0 (IR) is particularly straightforward when the 
continuum emission from the dust approximates that of a blackbody as 
is the case with all the comets observed here. In this case, the ratio of 
the maximum of the \F k function to the total blackbody emission F is 
given by 
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TABLE C-I 

Orbital Elements for the Comets 


COMET 


KBM 

1975 IX 

Bradf ield 
1980 XV 

Austin 
1984 XIII 

Machholz 
1985 VIII 

Austin 

1989Cj 

BM 

1989X 

P/Halley 
1986 III 

EQUINOX 

1950.0 

1950.0 

1950.0 

1950.0 

J2000.0 

J2000.0 

J2000.0 

EPOCH 


5 Sep 25 

SO Dec 27 

84 Aug 8 

- 

90 Apr 19 

89 Oct 1 

86 Feb 19 

T 


75 Sep 5.3348 

80 Dec 29.5417 

84 Aug 12.1371 

85 Jun 28.7388 

90 Apr 9.96745 

89 Sep 11.9384 

B 6 Feb 9.4590 

q 


0.425561 

0.259823 

0.291284 

0 . 106252 

0.349775 

0.478742 

0.507104 

• 


1.000095 

0.999725 

0.999846 

1.000000 

1.000225 

0.971959 

0.967277 

p 


- 

- 


- 

- 


76.00 

PERI 

(«) 

116.9756 

358.2855 

353.12701 

274 . 0831 

61.5763 

129.6111 

111.8657 

NODE 

(A) 

295.6526 

114.6465 

170.87724 

194.7292 

75.9255 

311.5878 

58.8601 

INCL 

<i) 

80.7779 

138.5082 

164.15979 

16.2827 

50.95639 

19.3357 

162.2422 




2nhc 

*(A m n 


I 1 (A-5) 

') 4 \_e fn!k[k ™ T) - 1 J 1.3586’ 


/ - 

/ 2 ~* 2 V 


(B-2) 


where X m is the wavelength of maximum emission in XF*, X m F = 0.3670 
cm deg is Wien’s law for XF A , h = 6.6262 x 10" 27 erg sec, c = 2.9979 x 
1 0 10 cm sec' 1 , cr = 5.6696 x 10~ ? erg cm' 2 deg' 4 sec' 'and k = 1.3806 x 
10' 16 erg deg" *. Thus, the apparent infrared intensity /^(IR) of the coma 
is given by 


4(IR) = l.3586(X/) max , (A-6) 


where (X/)™* is the observed apparent emission maximum of the infra- 
red continuum. 


APPENDIX B: CORRECTIONS FOR BEAM DIAMETER, 
THROW, AND GEOCENTRIC DISTANCE 

Comet comae are extended sources of infrared emission and are large 
enough so that coma emission is present in the reference beam used for 
background cancellation. The total emission into a beam of a given 
angular diameter depends upon the volume of coma material intercepted 
by the beam. Therefore, analysis and interpretation of the infrared pho- 
tometry require correction of the data for the effects of beam diameter, 
reference beam throw, and geocentric distance. The correction is 
straightforward for comets that obey a steady-state model where the 
coma is produced by material ablated from the nucleus at a constant rate 
and flowing away from the nucleus at a constant velocity. We describe 
this model quantitatively in Appendix A, concluding that it leads to a 
0 +l dependence for the flux from the coma, where <£ is the radius of the 
coma, and a A - * dependence of the coma brightness on geocentric 
distance. In this case, the apparent intensity / x that would be measured 
in a beam of angular diameter c fi for a throw large enough so that the 
reference beam falls off the coma and the apparent intensity / observed 
in the same beam with a throw of angular diameter 0 such that the 
reference beam falls on the coma are related by 


U _ 40 

/* 40 - <f> ' 


(B-l) 


Furthermore, the apparent intensities,/! and/ measured in two different 
apertures with diameters and with the comet at geocentric distances 
of A, and A 2 , respectively, will be related by 


These correction factors have been applied where appropriate in the 
analysis above using a standard reference beam diameter of <t>\ - 20 
arcsec and a standard geocentric distance of Aj = 1 AU. 


APPENDIX C: ORBITAL ELEMENTS FOR THE 
COMETS OBSERVED 

We present in Table C-I the orbital elements we used for deriving the 
orbital parameters of the comets for which we report infrared observa- 
tions here. These have been gleaned from the Catalog of Cometary 
Orbits (Marsden 1982) and The Central Bureau for Astronomical Tele- 
grams (Marsden 1992). The data tabulated by row are (1) the comet 
name, (2) the equinox for fl, w, and the orbital inclination (/), (3) the 
osculation date in decimal days (Universal, or Ephemeris, Time), (4) 
the perihelion time (Ephemeris Time), (5) the perihelion distance q in 
astronomical units, (6) the orbital eccentricity, (7) the revolution period 
in years (no entry signifies p > 1000 years), (8) the argument of perihelion 
oj in decimal degrees, (9) the longitude of the ascending node Cl in decimal 
degrees, and (10) the orbital inclination i in decimal degrees. 
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FIG. 6. The silicate excess (in magnitudes) plotted as a function of percent superheat ([5 - I] x 100; see Eq. (4) for the definition of 5) for 
recent bright comets (data in Table IV). The linear relation (solid line) is y = 0.0233* + 0.0394. The correlation coefficient is 0.94. 
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FIG. 7. The activity of the nucleus of P/Halley as a function of heliocentric distance at (a) visible and (b) infrared wavelengths as measured 
by variations of the apparent intensities [A/ A (V)] max and [X/ A (lR)] max , respectively. The coma model described in Appendix A has been used to 
correct the data for emission in the reference beam and to normalize the apparent intensities to a geocentric distance of A - 1 AU and a beam 
diameter of 20 arcsec. Statistical errors are smaller than the plotting symbols. The parallelograms superimposed on panels (a) and (b) show that 
P/Halley generally brightened proportionally to r~ 4 as predicted by the theory of nuclear activity described by Eqs. (9) through (12), but varied 
by almost a factor of 10 on short time scales. 
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FIG 8 The albedo of comet grains as a function of scattering angle as measured by the ratio of the scattered to the reemitted (absorbed) 
radiation! Panel (a) shows data for West I975h (data for Ney and Merrill 1976) and Bradfield 1980 XV (data from this paper) that define the albedo 
of cometary grains for scattering angles between 30° and 150°. The flattened forward scattering lobe and the absence of a pronounced backscattering 
peak suggest that the comet grains are nonspherical and, perhaps, fluffy. Panel (b) shows laboratory data for small water droplets in cloud chambers 
(from the data presented by Webb 1935 and Wilson 1951) and nonspherical particles (Bohren and Hufmann 1983, Hanner el at. 1981). Panel (c) 
shows data for P/Halley for scattering angles between 114° and 165°, illustrating that P/Halley’s grains were highly variable in albedo, but on the 
average were about the same as the grains of the comets in panel (a). Panel (d) shows data for Comet West 1975h (data from Ney and Merrill 1976), 
Crommelin 1983n (datum from Hanner et al. 1985b), and all the comets for which new data are reported in this paper with curve 3 from Fig. 5b 
superimposed for comparison. The side scattering albedo of comet grains generally lies in the range 0.1 £ A £ 0.3, and the grains of individual 
comets can display a high degree of variability in albedo. To our knowledge, Crommelin is the darkest comet on record. 
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fluffy aggregates (Hanner et al. 1981). The comet data 
are consistent with the curves for nonspherical particles 
and fluffy aggregates. These characteristics are also con- 
sistent with theoretical results for t4 fluffy M aggregates 
(Greenberg 1982, 1986). 

Figure 8c shows A(0) for P/Halley for scattering angles 
between 114° and 165°, indicating that P/Halley's grains 
were highly variable in albedo, but on the average had a 
side-scattering albedo similar to that of the grains of the 
comets in Fig. 8a. We were able to observe P/Halley at 
backscattering angles out to 165° near perihelion passage. 
Any backscattering increase appeared to be small. 
P/Halley’s dust coma had an average albedo of A{6) * 
0.20 at a scattering angle of 1 30°, making it slightly brighter 
than the comae of average comets at phase angles from 
120° to 165°. This would be expected for an extreme IR 
Type II comet with a significant small silicate grain com- 
ponent. We note that the lowest side-scattering albedo we 
observed for P/Halley (A(0) = 0.08) occurred when the 
10-^rn silicate emission feature was absent. Both of these 
indicators are consistent with a coma at these times that 
was populated predominantly by large grains. 

Figure 8d shows A(6) for Comet West, Comet Crom- 
melin 1983n, and all the comets for which data are re- 
ported in this paper. We conclude that the side-scattering 
albedo of comet grains generally lies in the range 0.1 < 
A ^ 0.3, but that the grains of individual comets can 
display a high degree of temporal variability in albedo 
during an apparition. 

Variations in the silicate emission feature and al- 
bedo. Variations in several grain composition indicators 
were observed for P/Halley. Our data (Fig. 3) and addi- 
tional infrared data obtained by Hanner et al. (1987) and 
Tokunaga et al. (1986 and 1988) at the NASA Infrared 
Telescope Facility (IRTF) show that P/Halley’s silicate 
emission feature was occasionally weak or absent. Al- 
though this behavior usually occurred at heliocentric 
distances greater than 1 AU, there were several occa- 
sions when this behavior occurred at small heliocentric 
distances (e.g., 26.8 January 1986 UT and 14.67 Febru- 
ary 1986 UT). Furthermore, our data show that the 
strength of the 10-/xm silicate emission feature varied 
significantly when P/Halley was inside a heliocentric 
distance of 1 AU (Fig. 3). Ryan and Campins (1991) 
reached a similar conclusion based upon a more limited 
data set. 

The disappearance of the silicate signature for distances 
greater than 1 AU was previously noted for Comet Ko- 
houtek by Rieke et al. (1974). Comet Bradfield 1980 XV 
(Ney 1982a and Tables I— III of this paper) clearly was an 
IR Type II comet near perihelion (Fig. 2a), but showed 
no silicate emission beyond r = 0.6 AU. 

On one occasion when P/Halley’s silicate feature was 


missing, the dust albedo fell as low as 0.08 (Fig. 8). A 
similar correlation between silicate signature strength and 
dust albedo is clearly evident for Comet Bradfield 1980 
XV (this paper, Table III) and was noted in Comet Brad- 
field 1974b by Ney (1974b). 

C. The Phyotcs of the Nuclear Ablation Process 

Our observations provide information about the nature 
of the nuclear ablation process by (i) showing that produc- 
tion rate and outflow of grains from the nucleus nominally 
conforms with the steady-state model, (ii) establishing the 
amplitude of short-term temporal variations in the activity 
of the nucleus, and (iii) measuring the mass loss rate of 
the solid material. 

Constraints on models of the production and outflow of 
coma grains. We made nearly simultaneous observa- 
tions of P/Halley with several diaphragms on four sepa- 
rate occasions using the O'Brien and WIRO telescopes 
and obtained multiaperture photometry of Comet Brad- 
field 1980 XV during a time span of about 1 hr on one 
occasion from Wyoming. These multiaperture measure- 
ments can be interpreted in terms of the steady-state 
model of nuclear activity described in Appendix B . In this 
model, grains are released from the nucleus at a constant 
rate and flow outward from the nucleus at constant veloc- 
ity. Reitsema et al. (1989), in an elegant study, showed 
that the visible images of the inner coma of P/Halley by 
Giotto were consistent with the interpretation that the 
individual active areas on the nucleus behave according 
to the steady-state model. 

Our multidiaphragm observations of P/Halley and 
Comet Bradfield 1980 XV (Fig. 9) show that the coma flux 
was usually proportional to $ and that the steady-state 
grain production model was valid for times as great as 0.25 
days (6 hr) on most occasions. Possible jet-like activity 
developing rapidly on time scales of a few hours is sug- 
gested by our P/Halley observations on 9.83 February 
1986 UT, when the average flux recorded in a 20-arcsec 
beam at O'Brien was less than that expected from the flux 
recorded in an 8.3-arcsec beam at WIRO. The sudden 
activation of an intense gas jet, similar to those seen in 
the Giotto images (Keller et al. 1986), appears to provide 
a plausible explanation for the 9.83 February measure- 
ments. One set of infrared imaging observations, obtained 
a few hours prior to the Giotto encounter by Hayward et 
al. (1986), tends to confirm the hypothesis that the infrared 
variations may be profoundly affected by jets releasing 
material on the sunward side of the nucleus. 

Activity in comet nuclei. Figures 7 and 10 summarize 
the activity of the nuclei of P/Halley and the six other 
recent bright comets studied in this work as measured by 
the infrared luminosities of their comae. In Fig. 10, we 
have included schematic representations of the average 
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FIG. 9. Coma brightnesses of P/Hailey and Bradfield 1980 XV as a 
function of aperture diameter. The coma model described in Appendix 
A has been used to correct the data for emission in the reference beam. 
The data are generally consistent with a constant production rate of 
grains in a constant velocity outflow (the steady-state model described 
in Appendix A). 


activity of some of the other bright comets we have mea- 
sured previously (Ney 1982a, Gehrz et al. 1989). The 
activity in most comets is proportional to r~ 4 both preced- 
ing and following perihelion passage with small superim- 
posed variations. Comet West 1976 VI (1975h) brightened 
significantly after perihelion because the nucleus broke 
into four parts. Encke probably behaves differently than 
most comets because of an appreciable contribution to 
the thermal emission by the nucleus itself (Gehrz et al . 
1989). 

The apparent infrared intensity IR) of an optically 
thin comet coma in a beam of angular diameter <£ radians 
that is much smaller than the angular extent of the coma 
follows from Eqs. (2), (A-4), and (A-6), to be 


directly proportional to the intensity of the solar radiation 
incident upon the nucleus, then 


dN(r) 

dt 


dN(r p ) 

dt 



( 10 ) 


where r p is the perihelion distance, dN(r p )/dt is the grain 
production rate in grains sec -1 at perihelion, and r is the 
heliocentric distance. Combining Eqs. (9) and (10), we 
find that the apparent coma intensity is 


4(IR) = 


WQ»L 0 

4> dN(r p ) 

64V„ . 

r 4 A dt 


( 11 ) 


An interesting variation of the relationship expressed by 
Eq. (11) occurs in the case when the luminosity of the 
coma is generated by emission from small silicate grains 
for which the emission efficiency is proportional to the 
grain radius a (Gilman 1974), In this case, the apparent 
infrared intensity of the coma is directly proportional to 
the total mass Af gr of the grains, 



4(IR) = 1.3586(\/ X ) max 




-rra-Q^aTl ^ 
4V„ 


' <£ dN _ 

'a 2 Q a L 0 ' 

A dt 

L 64 V 0 J 


_$_dN_ 
r 2 A dt ’ 


(9) 


where Q a and Q t are, respectively, the Planck mean ab- 
sorption and emission coefficients for the grains as defined 
by Gilman (1974), where r and A are the heliocentric and 
geocentric distances in centimeters. If the grain produc- 
tion rate as a function of heliocentric distance dN(r)ldt is 


FIG, 10. The infrared activity of the nucleus of P/Halley compared 
to that of the nuclei of other recent bright comets as a function of 
heliocentric distance as measured by variations in the quantity 
[\/*(IR)] niaK . The coma model described in Appendix A has been used 
to correct the data for emission in the reference beam and to normalize 
the apparent intensities to a geocentric distance of A = 1 AU and a 
beam diameter of 20 arcsec. Comets Bennett 1970 II, Kohoutek 1973f, 
West 1975h (Ney 1982a), and P/Encke (Gehrz et al. 1987) are shown for 
comparison; the step function in activity for West near perihelion was 
caused by the breakup of the nucleus. An r~ 4 activity model adequately 
describes the heliocentric brightening of almost all comets. P/Halley 
exhibited large variations about the canonical law. 
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4(IR) * 


M„4> 

r 4 A * 


( 12 ) 


It is evident from Eq. (1 1) that the approximation quan- 
tified in Eq. (10) for the apparent luminosity of comets 
implies a dependence of r ‘ 4 for both the energy absorbed 
and the energy reemitted. The quantity (X/J max for the 
thermal emission is a measure of the energy reradiated 
and is equal to the energy absorbed. It is a better measure 
of a comet's intrinsic brightness than short-wavelength 
reflected light measurements because of the variation in 
albedo with phase angle. 

Both short-term and long-term variations in comet nu- 
cleus activity that are superimposed upon the r~ A radial 
dependence can be readily evaluated by examination of 
the quantity given in column 18 of Table III. This quantity 
has been normalized using Eqs. (1 1), (B-I), and (B-2) to 
give the flux expected in a standard circular 20-arcsec 
diameter diaphragm for an infinite reference beam throw 
with the comet at a standard heliocentric distance of r = 

1 AU and a standard geocentric distance of A — 1 AU. 

In the comparison with the six other comets observed 
in this work (Fig. 10), P/Halley (Fig. 7) is seen to exhibit 
more frequent large-amplitude variations about the r~ 4 
brightening law than is usually the case. Overall, we found 
that P/Halley varied in brightness by a factor of up to 7 
on time scales of a few hours and days and by a factor of 
10 overall compared to the expected rate of brightening 
with changing heliocentric distance; its thermal emission 
was as dim on some occasions as that of Kohoutek 1973f 
and as bright as that of Comets Bennett 1970 II and West 
I975h on others. The large variations of P/Halley are also 
apparent in the scattered component (Fig. 7). 

Our data enable us to draw several conclusions with 
regard to the activity of the nucleus and coma of P/Halley: 

(1) Neither the large short-term variations nor the long- 
term variations in the bolometric infrared emission from 
P/Halley appear to correlate in any detail with the visible 
variations reported by Green and Morris (1987) and Millis 
and Schleicher (1986). Green and Morris (1987) found 
that the heliocentric dependence of the integrated visible 
magnitude of P/Halley’s coma varied asymmetrically 
about perihelion passage, with the comet being signifi- 
cantly brighter postperihelion. Our data show that both 
the heliocentric dependence of the scattered light (Fig. 
7a) and the thermal emission within a 20-arcsec beam 
were comparable pre- and postperihelion. Both our data 
and those of Green and Morris show large-amplitude 
short-term variations, but there is no detailed correlation 
between the intensity variations seen in our small beam 
with those exhibited by the entire coma. 

(2) Millis and Schleicher (1986) and Schleicher et al. 
(1990) reported visual photometry showing periodic varia- 


tions on a time scale of 7.4 days that they attributed 
to activity associated with the illumination of different 
regions of the nucleus. Although there is no obvious tight 
correlation between the variations exhibited in our data 
and those reported during overlapping periods by Millis 
and Schleicher (1986), both our data sets appear to be 
consistent with the inner coma being fainter in visible 
emission around 20 March 1986 and brighter around 
March 15, 23, and 25.5. We conclude that our data are 
consistent with the interpretation that the infrared varia- 
tions in P/Halley result from rotation of the nucleus, pre- 
senting active and passive surfaces to the Sun. Both 
Giotto images (Keller et al. 1986) and the groundbased 
10-pm infrared images made during the Giotto passage by 
Hayward et al. (1986) suggest the presence of localized 
active jets on P/Halley’s nucleus which could account for 
such behavior. 

(3) McFadden et al. (1987) and Rettig et al. (1987) noted 
a marked brightening of P/Halley in several visible emis- 
sion bands during 23-25 March 1986 UT. Our data do not 
show any conclusive evidence of unusual brightening in 
either the scattered or the thermal emission from the inner 
20 arcsec of the coma at the beginning and end of this 
period. 

Dust mass loss rates of comet nuclei. The dust mass 
loss rate dMJdt caused by the ablation of dN/dt grains 
sec -1 from the comet nucleus, each having density p gr and 
radius a , is 


dM D dN 4 tt , dN 

dt dt 3 Pgrfl dt ’ 


(13) 


where m gr is the mass of a single grain. Combining Eqs. 
(9) and (13), we find that 


dM D 

dt 


[1.3586(\/ A ) m J 


25677 ap gr 
3 £o£?a 



(14) 


where V 0 is the grain ejection velocity and (X/ A ) max is 
obtained by correcting the intensity given in Table III, 
column 11, for beam throw effects using Eq. (B-l). Pre- 
suming that the grains are accelerated to terminal velocity 
by momentum coupling to the gas, V 0 is of the order of 
the sonic velocity in the gas (Finson and Probstein 1968) 
which is given with the aid of Eq. (3) by 


[ T ~l l/2 
278j 

5 x io 4 

= — — 4 — cm sec -1 *** 0.5 km sec“’, (15) 


where T BB is the blackbody temperature at the heliocentric 
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FIG 11 The dust mass toss rates (normalized to a grain radius of 1 ;zm and a geocentric distance of A - I AU) as a function of heliocentric 
distance (a) from the nucleus of P/Halley and (b) from the nucleus of P/Halley in comparison with the nuclei of the IR Type 1 comets in this survey. 
The coma model described in Appendix A has been used to correct the data for emission in the reference beam and to normalize the apparent 
intensities to a geocentric distance of A = 1 AU and a beam diameter of 20 arcsec. P/Halley showed substantial bursts of activity superimposed 
on the canonical r* 3 law. The dust mass loss rates of the IR Type 1 comets shown here may be multiplied by a factor of 10 if it is presumed that 
their comae are composed primarily of 10 grains. In this case, their dust mass loss rates are equivalent to the rates inferred for dusty IR Type 
II comets like P/Halley. 


distance r A in AU of the comet. Given the very weak 
dependence of V 0 on r, we use the approximation that V 0 
= 0.5 km sec” 1 in the analysis that follows. We concluded 
above that the observed superheat 5 for the IR Type II 
comets discussed herein suggests a typical grain radius of 
a ~ 1 jLim = 10~ 4 cm for the carbon grains responsible 
for the continuum emission. Typical IDP aggregates have 
a density of si gcm‘ 3 , while pure carbon and silicate 
grains would have densities of —2-3 g cm* 3 . We conclude 
that a typical comet grain can be presumed to have a 
density of = 1 g cm* 3 (see also Hanner 1988). Using Eqs. 
(14) and (15) with a = 1 /am, p gr = 1 g cm* 3 , and Q a = 

1 , the dust mass loss rate becomes 

^2.7 x I0-’'<A/J_^ 4 *sec-', 06) 

dt <Ps 

where r A and A a are the heliocentric and geocentric dis- 
tances in AU, d> s is the beam diameter in arcseconds, and 
(\/ x ) max ' s the integrated apparent infrared intensity in 
watts per square centimeter. We emphasize that the mass 


loss rates calculated above refer only to the emission from 
the optically important particles. Since a considerable 
amount of the dust mass is in large particles that do not 
contribute significantly to the infrared emission (see Jewitt 
1991), the mass loss rates given by Eq. (16) are lower 
limits. Sykes and Walker (1992) suggest that the mass loss 
in large particles may be more than double that estimated 
by other means. 

The observational results for our sample of comets, 
normalized to a grain radius of 1 ^m, is summarized in 
Fig. 11, and it is clear from these that the dust mass loss 
rates for individual comets vary approximately as r A 2 . 
This heliocentric distance dependency is readily under- 
stood by combining Eqs. (11) and (14) to yield: 

dMft j mi 

— r— a r A . (w) 

dt A 

Applying Eq. (16) to the data for P/Halley, we find that 
its average mass loss normalized to a heliocentric distance 
of 1 AU is > 10 6 g sec" 1 . P/Halley’s mass loss rate varied 
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about this mean value by up to a factor of 7 on short time 
scales (Fig. 11a). For the remaining comets in this study 
(all IR Type I), Eq. (16) gives a mean loss rate that is a 
factor of — 10 lower than that for P/Halley (see Fig. 1 lb). 
If it is assumed that the IR Type I comets have grains as 
large as 10 /xm, their mass loss rates would be increased 
by a factor of 10 and would become comparable to the 
mass loss rate deduced for P/Halley. 

IV. CONCLUSIONS 


APPENDIX A: THE STEADY-STATE MODEL FOR 
INFRARED EMISSION FROM COMA DUST GRAINS 

In the so-called “steady-stale 11 model of nuclear activity (see Jewitt 
1991), the thermal emission from the coma results from dust grains 
ablated from the nucleus at a constant rate of dN!dt grains sec -1 and 
flowing away from the nucleus at a constant velocity V 0 . Assuming that 
the coma is optically thin to thermal infrared radiation (see Ney 1982b, 
Jewitt 1991), the contribution to the apparent infrared intensity of the 
coma /(IR) by N dust grains is given by 


The 0.7- to 23-/u,m observations reported in this paper 
for P/Halley and six other bright comets lead to several 
conclusions about the nature of comet grains and the 
physics of comet nuclear activity. 

(1) Comets can be classified by their thermal infrared 
energy distributions. IR Type I comets have low contin- 
uum superheat and the 10-/zm silicate emission is muted 
or absent. IR Type II comets have large continuum super- 
heat and strong silicate emission features, The differences 
may be due to grain size. 

(2) Simultaneous measurements of P/Halley and Brad- 
field 1980 XV with different diaphragms using telescopes 
in Minnesota and Wyoming are generally consistent with 
the steady-state model for nuclear ablation. 

(3) P/Halley’s dust coma had an average albedo of 0.20 
at a scattering angle of 130°. Our data show that the scat- 
tering phase function for typical comet dust is character- 
ized by a moderately strong forward-scattering peak, no 
appreciable backscattering peak beyond angles of 150°, a 
mean bolometric albedo of —0.32, and a sidescattering 
albedo of ^0.15. 

(4) The correlation between superheat and 10- /im sili- 
cate excess, the flattened forward-scattering peak of the 
albedo curve, and the relatively low backscattering albedo 
are all consistent with laboratory and theoretical results 
for nonspherical and fluffy grains. These results appear to 
be especially consistent with core-mantle grain models 
such as have been proposed by J. M. Greenberg and 
his collaborators (Greenberg and Hage 1989, Hage and 
Greenberg 1989). 

(5) P/Halley’s 10-/um silicate signature showed signifi- 
cant variations in strength and was occasionally weak or 
absent at heliocentric distances both smaller and larger 
than 1 AU. 

(6) P/Halley's coma luminosity fluctuated by a factor 
of nearly 10 on time scales of 1 to 2 days. These variations 
are consistent with the jet-like activity associated with 
nuclear rotation. 

(7) The mass loss rate for P/Halley was highly variable 
and averaged > 1 0 6 g sec~ ] at r = 1 AU. The mass loss 
rates for the IR Type I comets would be comparable to 
that deduced for P/Halley if it is assumed that their comae 
are composed of grains of radius a - 10 fxm. 


A IR)« = 


Lir 

4ttA 2 


mncrQ c <TT 4 ob , _ NaQa^ 
4nA 2 A 2 


(A-l) 


where L )R is the coma luminosity, a is the grain radius, Q c is the Planck 
mean emission cross section of the grain (Gilman 1974), <j is the Ste- 
fan-Boltzmann constant, 7* ahs is the grain temperature, and A is the 
geocentric distance. Assuming that the dust grain distribution is iso- 
tropic, the total number of grains in a spherically symmetric coma within 
a radius r of the nucleus is given by 

N = 4tt\ n(r)r 2 dr = —■ t = (A-2) 

J o dt dt Vq 


where t - rlV Q is the time required for grains to flow out to radius r at 
constant velocity V 0 , and /i(/j is the radial number density distribution of 
grains in the coma. Our multiaperture measurements typically occurred 
when A was between 1 and 1.5 AU, so that the residence time of grains 
with V 0 = 0.5 km sec -1 in the beams we used was between 0.6 hr (2.2- 
arcsec beam) and 6 hr (20-arcsec beam). By inspection of Eq. (A-2), 
it follows that the steady-state model leads to a radial grain density 
distribution in the coma of 


«<r) = 


l dN 
4 tt r 2 V Q dt ' 


(A-3) 


Integrating this density distribution over the cylindrical volume V of the 
coma that is intercepted by a photometer beam of angular diameter <£ to 
obtain the number of grains emitted into the beam, and substituting 
the result into Eq. (A- 1), we find that the apparent infrared intensity 
//IR) measured in the beam is 


/♦(IR) = 


a 2 Q'<rT* 0 bs 


A 2 


M. 


A 2 




ira 2 Q'<rT* 


4V n 


A dt' 


(A-4) 


where the result on the extreme right-hand side is for the case where the 
angular diameter of the beam is much smaller than the angular diameter 
of the coma. It can be seen from Eq. (A-2) that//IR) * <£A"\ leading 
to the correction terms specified in Eqs. (B- 1) and (B-2) that we derive 
in Appendix B. 

The determination of //IR) is particularly straightforward when the 
continuum emission from the dust approximates that of a blackbody as 
is the case with all the comets observed here. In this case, the ratio of 
the maximum of the \F k function to the total blackbody emission F is 
given by 
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TABLE C-I 

Orbital Elements for the Comets 


COMET 

KBM 

1975 IX 

Bradf ield 
1980 XV 

Austin 
1984 XIII 

Machholz 
1985 VIII 

Austin 

1989Cj 

BM 

1989X 

P/Halley 
1986 III 

EQUINOX 

1950.0 

1950.0 

1950.0 

1950.0 

J2000.0 

J2000. 0 

J2000.0 

EPOCH 

5 Sep 25 

80 Dec 27 

84 Aug 8 

- 

90 Apr 19 

89 OCt 1 

86 Feb 19 

T 

75 Sep 5.3348 

80 Dec 29 . 5417 

84 Aug 12.1371 

85 Jun 28.7380 

90 Apr 9.96745 

89 Sep 11.9384 

86 Feb 9.4590 

q 

0.425561 

0.259823 

0.291284 

0. 106252 

0.349775 

0.478742 

0.587104 

• 

1.000095 

0.999725 

0.999846 

1.000000 

1.000225 

0.971959 

0.967277 

p 

- 

- 

- 

- 

- 


76.00 

PERI (u) 

116.9756 

358.2855 

353.12701 

274.0831 

61.5763 

129.6111 

111.8657 

NODE (fl) 

295.6526 

114.6465 

170.87724 

194.7292 

75.9255 

311.5878 

58.8601 

XHCIi (I) 

80.7779 

138.5882 

164 . 15979 

16.2827 

58.95639 

19.3357 

162.2422 


&F k ) n 


2-rrhc 1 


<t(KTY le 


\_ 

rj 1.35 


3586’ 


(A-5) 


fl _ 

fl $2^1 


(B-2) 


where X m is the wavelength of maximum emission in XF x , X m 7 = 0.3670 
cm deg is Wien’s law for KF k , h = 6.6262 x 10' 27 erg sec, c = 2.9979 x 
10 10 cm sec -1 , cr = 5.6696 x 10' 5 erg cm' 2 deg" 4 sec -I andX = 1.3806 x 
10~ 56 erg deg" 1 . Thus, the apparent infrared intensity /^(IR) of the coma 
is given by 


4(IR) = 1-3586 (X/, )max i (A-6) 

where (X f h ) m ax is the observed apparent emission maximum of the infra- 
red continuum. 

APPENDIX B: CORRECTIONS FOR BEAM DIAMETER, 
THROW, AND GEOCENTRIC DISTANCE 

Comet comae are extended sources of infrared emission and are large 
enough so that coma emission is present in the reference beam used for 
background cancellation. The total emission into a beam of a given 
angular diameter depends upon the volume of coma material intercepted 
by the beam. Therefore, analysis and interpretation of the infrared pho- 
tometry require correction of the data for the effects of beam diameter, 
reference beam throw, and geocentric distance. The correction is 
straightforward for comets that obey a steady-state model where the 
coma is produced by material ablated from the nucleus at a constant rate 
and flowing away from the nucleus at a constant velocity. We describe 
this model quantitatively in Appendix A, concluding that it leads to a 
<f>* ] dependence for the flux from the coma, where (f> is the radius of the 
coma, and a A" 1 dependence of the coma brightness on geocentric 
distance. In this case, the apparent intensity /* that would be measured 
in a beam of angular diameter <f> for a throw large enough so that the 
reference beam falls off the coma and the apparent intensity /<, observed 
in the same beam with a throw of angular diameter 0 such that the 
reference beam falls on the coma are related by 


/* _ 4ft 
U 4 *-<*>* 


(B-l) 


Furthermore, the apparent intensities, f and/ 2 measured in two different 
apertures with diameters <£j and <t> 2 with the comet at geocentric distances 
of Aj and A 2 , respectively, will be related by 


These correction factors have been applied where appropriate in the 
analysis above using a standard reference beam diameter of <f> l = 20 
arcsec and a standard geocentric distance of Aj = 1 AU. 


APPENDIX C: ORBITAL ELEMENTS FOR THE 
COMETS OBSERVED 

We present in Table C-I the orbital elements we used for deriving the 
orbital parameters of the comets for which we report infrared observa- 
tions here. These have been gleaned from the Catalog of Cometary 
Orbits (Marsden 1982) and The Central Bureau for Astronomical Tele- 
grams (Marsden 1992). The data tabulated by row are (1) the comet 
name, (2) the equinox for fl, co, and the orbital inclination (/), (3) the 
osculation date in decimal days (Universal, or Ephemeris, Time), (4) 
the perihelion time (Ephemeris Time), (5) the perihelion distance q in 
astronomical units, (6) the orbital eccentricity, (7) the revolution period 
in years (no entry signifies p > 1000 years), (8) the argument of perihelion 
a in decimal degrees, (9) the longitude of the ascending node fl in decimal 
degrees, and (10) the orbital inclination / in decimal degrees. 
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ABSTRACT 

Infrared (1-20 /an) observations of comet Bradfield (1987s) from three observatories are reported. Silicate 
emission is prominent in all the data, from heliocentric distance r = 0.87 to 1.45 AU. A CVF spectrum at 
r = L45 AU shows a peak at 11.3 /tm identified as crystalline olivine; the spectral shape is similar to that in 
Halley. Dust optical properties are similar to those of the grains in Halley’s jets. Dust production rate near 
perihelion was ~10 6 g s _1 and varied ocr -2 . We suggest that some differences in grain properties among 
comets could result from differences in the thermal history of the nuclear surface and the relative fraction of 
the dust particles originating in the subsurface icy layer versus the devolatilized mantle. 

Subject headings: comets — infrared: spectra — interstellar: grains 


I. INTRODUCTION 

Comets almost certainly contain interstellar grains in some 
form. The extent to which the grains have been altered since 
their existence in the interstellar medium has to be inferred 
from the properties of the comet grains. For example, the outer 
few meters of comet nuclei must have been heavily processed 
by cosmic rays in the Oort cloud. Two key spectral features 
were discovered in comet Halley — a possible signature of pro- 
cessed organic material near 3.4 //m (Combes et al 1986, 1988; 
Baas, Geballe, and Walther 1986; Danks et al 1987; Knacke, 
Brooke, and Joyce 1986; Wickramasinghe and Allen 1986) and 
a peak in the silicate emission feature at 1 1.3 fxm identified with 
crystalline olivine (Bregman et al 1987; Campins and Ryan 
1989). Both are puzzling because they differ from the corre- 
sponding spectral features arising from interstellar grains. Now 
one wishes to know whether the grains in other comets are 
similar to those in Halley and whether differences in grain 
properties among comets can provide clues to their processing 
history. 

Comet Bradfield (1987s) is a long-period comet, but certain- 
ly not a dynamically new comet. It was discovered at r = 1.7 
AU and reached perihelion on 1987 November 7 at r = 0.87 
AU. The comet exhibited a visual light curve nearly symmetric 
about perihelion. With a 34° inclination and eccentricity of 
0.995, the orbit is fairly stable, and the comet probably had a 
similar perihelion distance last time (D. K. Yeomans, private 
communication). In this paper we report our infrared observa- 
tions of Bradfield from 1987 September to 1988 January, 
compare the dust optical properties with the dust in Halley, 
and discuss the nature of the silicate grains. 
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II. OBSERVATIONS 

Infrared observations of the dust coma were obtained at 
three observatories: the 3 m NASA Infrared Telescope Facility 
(IRTF), Mauna Kea; the 2.34 m Wyoming Infrared Observa- 
tory telescope (WIRO), and the University of Minnesota’s 
O’Brien Observatory 0.76 m telescope (UM). A journal of the 
observations is given in Table 1, and the observed magnitudes 
are presented in Table 2. Because of the comet’s southern decli- 
nation and the small angular distance from the Sun, all of the 
1987 observations were done at large air mass; thus, extinction 
is the main source of error. 

The UM and WIRO observations used broad-band optical/ 
infrared photometers constructed at the University of Minne- 
sota (Ney 1974; Gehrz, Hackwell, and Jones 1974; Gehrz, 
Grasdalen, and Hackwell 1987). The same photometer at UM 
was used for extensive observations of comet Halley (Gehrz 
and Ney 1986). The UM photometer employs filters centered 
at 8.5, 10.6, and 12.5 /mi, with A/AA ^ 10, while the Minnesota 
photometer at WIRO contains the set of six intermediate 
bandpass silicate filters from OCLI, identical to the set in use 
at the IRTF (Tokunaga et al 1986). Vega (a Lyr) was used to 
calibrate the October 21 measurements at WIRO, and /? Peg 
was the calibrator for all of the other UM data. The magni- 
tudes of p Peg are shown in Table 3. Beta Peg is apparently 
variable at the 5%— 10% level (Tokunaga et al 1986). The 
values in Table 3 are consistent with our measurement of ft Peg 
versus a Lyr at the IRTF on 1987 July 19. Mean extinction 
coefficients were applied in reducing the data. 

The WIRO measurements were obtained with a new tele- 
phone observing link enabling us to control the computer- 
operated WIRO telescope remotely from the University of 
Minnesota (see Gehrz and Hackwell 1978). Data and control 
functions are transmitted by two 2400 baud telephone lines. A 
third telephone line provides voice communication with the 
WIRO technical staff. 
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TABLE 1 


Comet Bradfield (1987s): Journal of Observations 


Date 

UT 

r* 

(AU) 

A b 

(AU) 

(deg) 

© d 

(deg) 

Telescope 

Beam 

Diameter 

(arcsec) 

Throw 

(arcsec) 

Sky Quality 

Observations 

1987 Sep 21.2 

1.21 

1.45 

55 

43 

3 m IRTF 

6.8 

20 

Cirrus 

8.7-12.5 /im 

Oct 21.1 

0.92 

1.24 

48 

52 

2.3 m WIRO 

5 

20 

Gear 

1-18 /im 

Oct 22.0 

0.92 

1.23 

48 

53 

2.3 m WIRO 

3 

60 

Clear 

8-12 /im images 

Nov 7.0 

0.87 

1.07 

50 

60 

0.8 m UM 

20 

30 

Cirrus 

8.5-12.5 /im 

Nov 9.0 

0.87 

1.05 

50 

61 

0.8 m UM 

20 

30 

Clear 

1-18 /im 

Nov 13.0 

0.88 

1.01 

52 

63 

0.8 m UM 

20 

30 

Clear 

1.6-18 /im 

Nov 18.0 

0.89 

0.96 

54 

64 

0.8 m UM 

20 

30 

Clear 

1-18 /im 

Nov 19.0 

0.90 

0.95 

55 

64 

0.8 m UM 

20 

30 

Clear 

1-18 /im 

Dec 4.0 

1.00 

0.85 

65 

64 

0.8 m UM 

20 

30 

Poor 

4.8-18 /im 

1988 Jan 12.15 

1.44 

1.08 

88 

43 

3 m IRTF 

6.8 

20 

Clear/day 

4.8-20 /im 

Jan 13.25 

1.45 

no 

88 

43 

3 m IRTF 

7.! 

20 

Clear 

10 /im CVF 

Jan 14.15 

1.46 

l.n 

88 

42 

3 m IRTF 

Var. c 

20 

Clear/day 

1.2-3. 8 /im 


2 Heliocentric distance. 

Geocentric distance. 
c Sun-Earth-comet angle. 
d Sun-comet-Earth- angle. 

* J, H: 776; K :7 t A;L:6 ”\ ; JC :5"8. 

Bradfield was observed at the IRTF using the facility InSb 
(1-3.8 nm) and bolometer (4.8-20 //m) systems. On September 
21 the comet was observed at air mass 2.0-2.6 shortly after 
sunset, while in 1988 January it was observed before sunset 
near the zenith. Extinction was determined at each wavelength 
each night by following standard stars over a range in air mass. 
Magnitudes of the 4.8-20 /mi standard stars are given in Table 
3. The magnitudes of a Boo and And at 7.8 and 12.5 /mi have 
been measured relative to a Lyr on one or more nights; the 
estimated uncertainties are 3%-5%. SJ 9503 was the standard 
at 1. 2-3.8 /im (Elias et al 1982). The aperture diameters listed 
in Table 1 are the full width at half-maximum obtained by 
scanning the telescope across a bright star. The field lens in the 
InSb photometer causes the effective aperture size to decrease 
with wavelength; the FWHM is 776 at J and 77 , 774 at K , 671 at 
L, and 578 arcsec at L (Tokunaga et al 1 988). 

There will be a small contribution from the comet’s outer 
coma at the position of the reference (“ sky ”) beam. For spher- 
ically symmetric radial outflow of dust, the coma brightness in 
the reference beam will be I 0 ((j)/ 4a), where (f> = aperture dia- 
meter, a = chopping throw, and 7 0 = true brightness centered 
on the comet. The true brightness is therefore approximately 
1.06 7 obs for the WIRO data, 1.10 7 0bs for the IRTF data, and 
1.20 7 obs for the UM data, and, to first order, is independent of 
wavelength. The magnitudes in Table 2 are given without cor- 
rection. 

Comet observations through the broad, L, E, M, N , and Q 
filters require a temperature-dependent correction to account 
for the difference in spectral shape between the radiation from 
the warm comet dust and the hot standard stars. Corrections 
of —0.05 and —0.04 mag have been applied to the N and Q 
magnitudes, respectively (Hanner et al 1984). The corrections 
for the E and M bandpasses are negligible compared to the 
observational uncertainties. Because the L bandpass contains 
both scattered and thermal radiation, the correction is model- 
dependent. No correction has been applied to our L magni- 
tudes in Table 2. A more detailed discussion of photometric 
systems is given by Hanner and Tokunaga (1989). 

The infrared fluxes are plotted in Figures 1 and 2. The solid 
curves are dust models discussed in § TV. Excess emission 
attributed to small silicate grains is present near 10 and 18 //m 


in all of the data sets. The color temperature of the underlying 
continuum between 8 and 12.5 /xm is about 15% higher than 
that of a blackbody in equilibrium with the incident solar flux. 



Fig. I —Observed spectral energy distribution of comet Bradfield (1987s) 
in 1987. Data sets are offset by a factor of 10. Solid curves are the predicted 
continuum emission from dust model I (§ IV), normalized to the 12.5 /im flux. 
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TABLE 3 

Standard Star Magnitudes 


Spectral M N Q 


Star Type 4.8 /an 7.8 8.7 9.8 10.1 10.3 11.6 12.5 18.1 20.0 System 

5340 a Boo K2 TIT -2.92* -3,08 b -3.17 b -3.17 -3.17 c -3.17 -3.26 -3.26 b -3.13 -3.13 c TRTF 

337 (} And MO III -1.76“ -1.95 b -1.97 -2.03 -2.04 c -2.04 -2.10 -2.10 b -2.09 -2.09 c IRTF 

6406 a Her M5 II -3.64 b -3.83 -3.97 -3.94 c -4.02 -4.13 -4.20 b WTRO 

8775 p Peg M2 II -2.30 d -2.46 d — 2.51 d -2.59 d -2.61 c UM 


* Sinton and Tittemore 1984. 
b Uncertainty ^ ±0.03 mag. 
c Tokunaga 1984. 
d Gehrz et al 1987. 


implying that the emission arises mainly from small absorbing 
grains. 

On January 13, a 2% circular variable filter was used with 
the IRTF Si : As photoconductor to obtain a 16 point spectrum 
of Bradfield between 7.8 and 12.8 /jm. Spectra of the comet 
were alternated with spectra of ft And at air mass 1 .0-1.8, and 
a Tau and a CMa were observed after the comet set. Extinction 
was determined separately for each of the 16 wavelengths from 
the three ft And spectra. Each individual measurement was 
reduced to unit air mass before conversion to absolute flux. A 
high-resolution spectrum of the telluric ozone band at 9.58 pm 
was used for wavelength calibration. 

Bradfield was imaged in the 7-14 pm spectral region on 1987 
October 22 UT using a prism array spectrometer with a 3"0 
beam and a 60" reference throw. The spectrometer, described 
by Gehrz, Hackwell, and Smith (1976), was mounted at the 
Cassegrain focus of the Wyoming infrared telescope. The flux 
is simultaneously recorded in six channels, centered at 7.92, 
8.45, 9.45, 10.69, 11.54, and 12.70 /urn. The image was con- 
structed by scanning the chopping secondary in declination at 
a rate of 7 arcsec s _1 , sampling at 1" (chopping frequency is 7 
Hz), then stepping the telescope 1" in R.A. and repeating. Four 
successive images were obtained; the mean air mass was 1.67. 
Calibration star was a Her, located just 20° from the comet. 





Fig. 2. — Spectral energy distribution of comet Bradfield on Jan 12 (#) and 
Jan 14 (O) 1988. The InSb data (O) have been scaled to the 6.8 arcsec 
bolometer beam size assuming flux oc 4>. The triangles are the thermal emission 
component obtained by subtracting scattered light flux assuming solar spec- 
trum from 2.2 to 3.8 pm. 


III. THE SILICATE FEATURE 

The CVF spectrum obtained on January 13 is shown in 
Figure 3. The uncertainty in the absolute flux level is ~ 10%. 
The filter photometry from the previous night is also plotted in 
the figure, at the effective wavelengths determined by convolv- 
ing each filter function with the spectral shape from the CVF 
spectrum and the sky. The agreement between the filter photo- 
metry and the spectrum demonstrates that careful filter photo- 
metry can accurately measure the strength of the silicate 
feature, although of course not its detailed shape. The agree- 
ment in the absolute flux levels indicates that the comet did not 
change its dust output from January 1 2 to 13. 

To compare the shape of the emission feature with other 
sources, the CVF spectrum was divided by the continuum 
defined by the dust models in Figure 5. This procedure is 
physically correct if the silicate grains are at the temperature 
implied by the continuum. Since the Planck function from 8 to 
13 /mi is fairly flat in the relevant temperature range, this nor- 
malization is unlikely to distort the shape of the silicate feature. 
Our three Bradfield spectra were individually divided by the 
continuum normalized to 12.81 /on. 

The average of the three normalized spectra and the stan- 
dard deviations are presented in Figure 4a. Two peaks are 
apparent, one at 9.7-10.0 pm, similar to the interstellar feature, 
and one near 1 1.24 pm. This spectrum is remarkably similar to 
that of comet Halley at smaller r (Bregman et al 1987; 
Campins and Ryan 1989), as illustrated in Figure 46. Bregman 
et al and Campins and Ryan identify the peak at 1 1.3 pm with 



pm 


Fig. 3. — CVF spectrum of the dust coma on 1988 Jan 13, (+) compared 
with filter photometry on January 12(A). Horizontal bars are the filter band- 
passes convolved with comet spectrum (FWHM). 
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crystalline olivine. Our spectrum, although the spectral 
resolution is poorer, indicates the presence of crystalline 
olivine in Bradfield at 1.45 AU. A higher resolution spectrum 
of Bradfield at r = 1.0 AU, recorded by Russell, Lynch, and 
Chatelain (1988) dearly shows this peak as well. 

Other possible explanations for the peak at 1 1.3 /xm, such as 
SiC or PAHs, can be ruled out from the width of the peak, on 
abundance arguments, or for lack of corresponding features, 
such as the 8.6 /xm feature present when an 11.3 peak is 
associated with the set of unidentified interstellar infrared 
bands (Campins and Ryan 1989). 

While emission by small crystalline olivine particles matches 
the 10.5-12.5 /mi portion of the spectrum well (see discussion 
in Campins and Ryan), other silicates are required to account 
for the peak near 10 /on and the steep rise from 8 to 9 /xm. 

There are three main possibilities. 

1 Mix of crystalline silicate minerals . — Chondritic inter- 
planetary dust particles (IDPs) examined by Sandford and 
Walker (1985) fall into three distinct classes based on their 10 
/an transmission spectra, corresponding to olivines, pyroxenes, 



and hydrated silicates. Bregman et al fitted their Halley spec- 
trum with a mixture of these three IDP spectral types- 
primarily olivine for the 1 1.3 /im peak and pyroxenes to fit the 
9-10 /im peak. This approach has the advantage of relating the 
comet dust directly to the IDPs thought to originate in comets. 
The disadvantage is that we do not know the history of the 
IDPs — whether all chondritic IDPs are cometary and whether 
they could have annealed during their years in the inner solar 
system or during atmospheric entry. 

2. Partially annealed grains . — Interstellar silicate grains are 
thought to be amorphous, because no structure is apparent in 
the silicate feature. From the laboratory emission spectra 
recorded by Stephens and Russell (1979), amorphous olivine 
can explain the broad peak near 10 /xm in both the cometary 
and interstellar spectra while amorphous enstatite particles 
can account for the steep rise from 8 to 9 /im. The comet grains 
could have a wide range in their degree of structural order, as a 
result of partial annealing via heating in the solar nebula. Day 
(1974) showed that the 11.3 fx m peak first appeared in the 
spectrum of an amorphous olivine sample when heated to 
~ 800 K, although long-range structural order did not develop 
until the grains were heated to ~1000 K. Small crystalline 
silicate grains have a higher mass absorption coefficient than 
amorphous grains, by a factor of 3 to 10 (Day 1981). Thus, only 
a small fraction by mass of crystalline olivine grains could give 
rise to the observed 11.3 /xm peak. Moreover, Aitken et al 
(1988) have now found evidence for annealed olivine grains in 
at least one interstellar source. 

Partial crystallinity could also explain why no distinct peaks 
are seen shortward of 22 /xm in the 16-30 /xm spectrum of 
Halley published by Herter, Campins, and Gull (1987), for 
narrow peaks will show up in the 10 /xm stretching mode vibra- 
tions for a lesser degree of structural order than required to 
produce peaks in the 20 /xm bending model vibration (cf. 
Hanner 1987). 

3. Hydrated silicates— Hydrated silicates dominate the 
composition of type I carbonaceous chondrites; they are the 
result of low-temperature aqueous alteration. Type II carbon- 
aceous chondrites have about equal proportions of hydrated 
silicates and olivine; in fact, their spectra look quite similar to 
the comet Halley and Bradfield spectra, with a small 11.3 /xm 
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peak (Zaikowski, Knacke, and Porco 1975). Based on their 
experiments on the formation of hydrated silicates, Nelson, 
Nuth, and Donn (1987) suggest that amorphous silicate grains 
residing on the surface of a comet nucleus could absorb one or 
more monolayers of water molecules from the outflowing gas 
and could be converted to hydrated silicates if exposed to tem- 
peratures of 300 K or above for a few weeks. 

Lawler et al (1988) compared the heterogeneity in the Mg/ 
Fe/Si abundances in the dust grains sampled by the PTA and 
PUMA experiments on the Halley probes with various classes 
of meteorites and IDPs. They concluded that only the anhy- 
drous chondritic aggregate IDPs match the Mg-rich silicates 
and the very wide range in Fe/Si seen in Halley samples; i.e., 
that there is no positive evidence for the mineralogy of 
hydrated silicates in the Halley particles. However, PIA and 
PUMA sampled only the smallest (most numerous) grains with 
masses — 10" 16 ~10" 12 g. Whether these grains are representa- 
tive of the larger grains, which contain most of the mass, is 
unknown. 

Based on present data, then, there is not a unique interpreta- 
tion of the state of cometary silicates. The three possibilities 
listed here have, of course, different implications for the evolu- 
tionary history of silicate grains since their existence in the 
interstellar medium. The possibility that the grains are only 
partially annealed requires the least departure from the inter- 
stellar grains. Indeed, with the discovery of annealed grains in 
astronomical sources, further processing of interstellar silicates 
may not be required at all. However, annealing of grains after 
leaving the comet is then required to explain the state of the 
IDPs. 

It would be very helpful to have high-resolution spectra of 
the silicate feature in comets at r ~ 0.3 AU, where the tem- 
perature of small grains will be greater than 500 K and one 
might expect to see further evidence of annealing. It is ironic 
that the sole spectrum of Kohoutek at r = 0.31 AU suffered a 
data outage from 10.3 to 11 /an (Merrill 1974). However, the 
smooth slope in the data from 11.1 to 12 /xm indicates that an 
olivine peak was not present. Campins and Ryan showed that 
their Halley spectrum was very similar in shape to the Kohou- 
tek spectrum except for the 1 1.3 /xm peak. They concluded that 
thermal processing alone cannot account for the difference 
between comets; rather, some diversity in the initial cometary 
material is likely. 

IV. DUST PRODUCTION RATE 

The rate of dust-mass loss from the nucleus can be estimated 
from the thermal emission, within the uncertainties discussed 
below. We have modeled the continuum emission, based on 
the temperatures for small absorbing grains from Hanner 
(1983). The temperature is a strong function of size for absorb- 
ing grains <>2 /xm in radius; larger grains have a temperature 
close to that appropriate for a blackbody in equilibrium with 
the solar radiation. Two slightly different size distribution 
functions were applied. The first one, described by Hanner 
(1984) and Hanner et al (1985) has been used to compute dust 
production rates in several short-period comets. The second 
model adopts the analytical form proposed by Divine and 
Newburn (1987) to fit the dust impact data from the Giotto 
Halley probe (McDonnell et al 1987). Both functions have 
n(a) oc a~ N at large a y with N = 3.7 and 3.8, respectively, and 
both have a free parameter to adjust the peak in the size dis- 
tribution, in order to match the observed spectral energy dis- 
tribution. Model 2 has more (hot) submicron grains. The 



Fig. 5. — Thermal emission on 1988 Jan 12 fitted with models of the contin- 
uum emission. Solid line : n(a) = (1 - a 0 /a) M [aJa) N y with a 0 - 0.1 /un, M = 14, 
N — 3.7 (model 1); dashed line : Divine and Newburn (1987) mass distribution 
function, a — 0.94, /? = 0.19, y = 1.0, m t = 7.5 x 1 “ 1 2 g (model 2). 

parameter values giving the best fit to Bradfield at 1.44 AU 
also gave the best match to Halley at 0.9 AU (Hanner et al 
1987). 

Figure 5 shows the predicted thermal emission fit to the 
January 12 data. At 10 /mi, approximately 75% of the flux is 
produced by grains with a > 1 /xm, while at 4.8 /xm, the grains 
with a < l /xm contribute 75% of the flux. The corresponding 
size distributions in the coma are shown in Figure 6, plotted as 
cumulative number versus particle mass. For m> 10“ 10 g, 
N{m) oc m -a , where a = (N — l)/3. For our models, a < 1, and 
the mass is concentrated toward the large particles. Thus, the 
total mass in the field of view depends upon the unknown 
abundance of large particles, which contribute only a small 
fraction of the 3-20 /xm thermal emission. The dust impact 
detector on Giotto measured a high concentration of large par- 
ticles (m > 10" 6 g), above the extrapolated slope in Figure 6 
(McDonnell et al. 1987, 1989). The radar echo from Halley also 
implied the presence of centimeter-size or larger debris 
(Campbell, Harmon, and Shapiro 1989). Because of their low 



Fig. 6. — Cumulative mass distribution functions fitting the thermal emis- 
sion on January 12. Solid curve: model 2; dashed curve: model 1. 
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velocity, however, a high concentration of large dust grains in 
the coma does not necessarily imply that they dominate the 
mass flux from the nucleus. One interpretation of the Giotto 
data is that the larger grains were the remnant of an earlier 
outburst. The predited continuum based on these dust models, 
normalized to the 12.5 jum flux, is shown for the other data sets 
in Figure 1 . 

To obtain the mass-loss rate, we compute the weighted mean 
velocity, 

_ { a 3 n(a)v(a)da , n 

P= la'*Va (1) 

following Hanner (1984). For Bradfield at r = 1.44 AU, we 
used the dust velocities, v(a ), from Gombosi (1987). These were 
computed for Tempel 2 at r — 1.48 AU from a time-dependent 
dusty gas dynamical model (Gombosi, Cravens, and Nagy 
1985). For other dates, the gas flux per unit surface area was 
assumed to vary in direct proportion to the total dust pro- 
duction rate, and the velocities were scaled via the relationship 
shown in Hanner (1984), Figure 4, resulting in a distance 
dependence, Doer" 1 . At large particle sizes, v(a) oc a” 0 * 5 ; thus 
a — 1.1 for the mass distribution leaving the nucleus, and the 
mass is concentrated toward small grains, near the “ knee " in 
the cumulative mass distribution. 

Table 4 presents the computed dust production rates, inte- 
grated up to a maximum grain radius of 1 cm. The uncertainty 
in these numbers is at least a factor of 2, due to the uncer- 
tainties in velocities, mean grain density (we assumed p = 1 g 
cm" 3 ), observed flux, and the abundance of large grains. 
Models 1 and 2 differed by -20%. If Bradfield has an excess of 
large particles compared to our assumed n(a\ the Q d computed 
here could be a lower limit. The method of scaling the velo- 
cities accentuates the fluctuations in Q d . If we had assumed a 
constant mean velocity for October 21 -November 19 
(r = 0.87-0.93 AU); i.e., if higher Q d implied a larger active 
surface area, rather than a higher gas and dust flux per unit 
area, then Q d on October 21 and November 9 would be 
- 1.5 x 10 6 g s' 1 . A production rate of - 10 6 g s" 1 implies an 
active area of — 10 km 2 , assuming a dust/gas mass ratio of 0.5 
and a gas flux of 2 x 10" 5 g cm" 2 s" 1 . This gives a lower limit 
of 1.3 km radius for a spherical nucleus if the entire sunward 
hemisphere were active. 

D. G. Schleicher and R. L. Millis (private communication) 
derived an OH production rate of —2.5 x 10 28 s" 1 on 1988 
January 14 and 15. Our dust production rate on January 12-13 
was 4 x 10 s g s" 1 . Thus, the dust/water mass ratio was -0.5 


TABLE 4 

Dust Production Rates 


Date Qrf (g s ~ 1 ) 


Sep 21.2 . 
Oct 21.0 
Nov 7.0 . 
Nov 9.0 
Nov 13.0 
Nov 18.0 
Nov 19.0 
Dec 4.0 . 
Jan 12.15 
Jan 13.2 


5 x 10 s 
2 x 10 6- 

1 x tO 6 

2 x i0 6 * 
1 x 10 6 

l x t0 6 
1 x 10 6 
I x 10* 
4 x 10 3 
4 x 10 5 



Fig. 7— Dust production rate, Q d , (#) and (AF A ) m „(A) vs. heliocentric dis- 
tance. The (AF A ) mM have been normalized to 1 AU and to 20" beam, assuming 
isotropic radial outflow. The bar from 1.5 to 2 x 10 6 g s 5 refers to Q 4 on Oct. 
21 and Nov 9, while the bar on the point at 10 6 g s' 1 displays the range in 
computed values from Nov 7 to Dec 4. 


and the total rate of mass loss for comet Bradfield at r = 1.45 
AU was ^10 6 gs _I . 

In contrast, comet Halley was losing -2 x 10 6 g s~* of 
small dust grains at 1. 5-1.3 AU preperihelion and - 10 7 g s 1 
at 0.9 AU pre- and post-perihelion, based on similar dust 
models (Tokunaga et al 1986; Hanner et al. 1987). The fluctua- 
tions of a factor 1.5—2 in comet Bradfield’s dust production 
near perihelion indicate nonuniform activity across the nuclear 
surface, either due to outbursts from pockets of more volatile 
material or to different active areas rotating into sunlight. 

The dust production rates and the quantity A(AF A ) max , which 
is proportional to the total infrared luminosity (Ney 1982), are 
plotted versus r in Figure 7. Excluding the two outbursts, Q d 
varied approximately as r“ 2 , similar to the new comets 
Kohoutek (1973 XII) and West (1976 VI) (Ney 1982), but much 
less steeply than in the case of some short-period comets, such 
as P/Churyumov-Gerasimenko (Hanner et al 1985). This sug- 
gests that the sublimating ice layer is closer to the surface in the 
new comets and Bradfield and is responding more directly to 
the incident solar energy than is the case for the more evolved 
short-period comets. 

The infrared luminosity is related to the temperature of the 
radiating grains and the total number of grains within the field 
of view by the following equation : 

L = 4n[ a 2 n(a)Q.* °T\a, r)da , (2) 


• 1.5 x !0‘g s' 1 if v remains constant. 
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Fig. 8. — Image of the inner dust coma on 1987 October 22. This composite 
8.5-1 1.5 /mi image was created by co-adding the fluxes from four spectral 
channels and four successive images. Beam diameter is V'.O and reference throw 
is 60". The sunward direction is indicated. The contour levels are at 0.2, 0.4, 
and 0.8 and 1.6 Jy per square arcsec. 

where Q abs is the appropriate wavelength-averaged absorption 
efficiency for a grain of radius a. Since the grain temperature 
T(a , r) oc r _1/2 (if the grains are not too small), then, T 4 oc r~ 2 
and, for constant outflow velocity, Q d ocr~ 2 would give 
(^Anax oc L oc r -4 . However, in our case, if v oc r~ \ then the 
number of grains in the field of view varies as QJv xf 1 , and 
(A.F^ miX cc r~ 3 , close to the r ~ 316 slope shown in Figure 7. 


V. 10 MICRON IMAGE 

Figure 8 displays a composite image of the inner coma on 
October 22.0, created by summing channels 2-5 (8.45-11.54 
/un), then summing the four images obtained. The beam- 
switching technique described in Grasdalen et al (1984) was 
used to subtract the background. There is evidence for a fan- 
shaped coma in the sunward hemisphere, consistent with the 
main dust emission occurring from the illuminated side of the 
nucleus. Dust emission may also be occurring toward the 
south. The radial gradients in the sunward, anti-sunward, and 
perpendicular directions are compared in Figure 9. Within the 
uncertainties the brightness gradient approximates the \jd 
decrease expected for uniform radial outflow. 

A silicate feature was present at all positions within ~ 12" of 
the center; the signal/noise ratio is not sufficient to detect dif- 
ferences in the shape of the feature. Figure 10 presents the 
spectrum centered on the brightness peak, at 13" south, and 
integrated over the inner 19 square arcsec. 

VI. DUST ALBEDO 

Since the total cross section of the dust in the field of view 
can be derived from the dust model fitting the thermal emis- 
sion, the average near-infrared albedo of the grains can be 
computed. We define A p (6) as the ratio of the scattered flux at 
phase angle 6 to that scattered by a white Lambert disk with 
the same geometric cross section; i.e., A p {0) is the geometric 
albedo times the normalized phase function (Hanner et al 
1981). Assuming that the amount of dust in the field of view did 
not change from the previous two nights, we find A p (0) = 0.043 
at J and 0.057 at K on January 14, at phase angle 42°. The 
albedos at K computed for the other data sets are similar 
within the ±20% observational uncertainties. The albedos at J 



Radius (arcsec) 


Fig. 9. — Radial brightness gradients as measured from the co-added map. 
The four curves are at position angles (degrees east of north): (a) 260°, the 
direction to the Sun; (b) 80° (anti-sunward); (c) 350°; (d) 170°. The first point of 
each curve is the mean surface brightness within the 3 x 3 pixel centered on 
the nucleus. The remaining points are the mean surface brightnesses within 
arcs 60° wide, with the outward radii of successive arcs at 5", 8", 12", 17", and 
21" from the nucleus. Dashed line is 1/d dependence. 


Comet Bradfield 22.0 October 1987 



Wavelength (microns) 


Fig. 10. — Spectra taken with the six-channel spectrometer. The top spec- 
trum (a) was measured from the six images with a 19" square centered on the 
nucleus. Spectra (h) and (c) were measured using standard beam-switched 
photometry just prior to taking the images. Spectrum ( b ) was taken with the 3" 
beam centered on the nucleus and (c) was taken 13" south of the nucleus. 
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are considerably higher for the other data sets and, particularly 
on October 2\ and November 9, are beyond what can reason- 
ably be ascribed to measurement or extinction uncertainty. 

The albedos at J and K are higher than the albedos derived 
for other periodic comets via similar dust models, including 
Halley preperihelion (Tokunaga et al 1986) and P/ 
Churyumov-Gerasimenko (Hanner et al 1985) or even new 
comet Wilson (19861) at r = 1.35 AU (Hanner and Newburn 
1989). 

Bradfield’s colors of J — /J = 0.45 and H — K — OAO on 
January 14 are toward the neutral (less red) end of the range we 
have measured at the IRTF for comets at r < 2.8 AU (Hanner 
and Newburn 1989). 

The quantity y, defined by 



is also a useful measure of the average albedo of the grains, 
since (AF A ) max is proportional to the total energy under the 
Planck curve. We find y = 0.20-0.25 for comet Bradfield, com- 
pared with 0.14-0.20 for comet Kohoutek at similar phase 
angles (Ney 1982). If the scattered radiation were isotropic, y 
would be a measure of the single scattering albedo. Because the 
scattering function is strongly peaked in the forward direction, 
y represents a lower limit to the single scattering albedo (Ney 
and Merrill 1976). 


VII. DISCUSSION 

Do the grains in comet Bradfield differ from those in comet 
Halley? We have seen that the shape of the silicate feature was 
similar in the two comets. A similar emission feature at 3.36 
/un, thought to be a signature of organic material, was detected 
in Bradfield at r = 0.9 AU by Brooke et al. (1988). Bradfield 
was unusual in displaying a strong silicate feature at r — 1.45 
AU, a distance where Halley and other comets have, at most, a 
broader, weaker feature. 

The picture in Halley was complicated by its extreme varia- 
bility. The strength of the silicate feature varied from day to 
day (Gehrz and Ney 1986) and with position in the coma 
(Campins et al 1987 ; Hanner et al. 1987). A higher albedo, and 
perhaps bluer color as well, were associated with brightness 
increases (Tokunaga et al 1986; Campins and Tokunaga 
1987). The mean A p (B) we derive for Bradfield on January 14 is 
slightly larger than the maximum Halley values. 

Kikuchi et al (1988) measured higher polarization of the 
scattered light in comet Bradfield than in the quiescent coma of 
Halley at phase angles 38° < 6 < 65°. In Halley, higher polar- 
ization was observed in the inner coma (“ fresh dust ”) than in 
the outer coma (Dollfus et al 1988) and increased polarization 
was associated with outbursts (Kikuchi et al 1987). 

In general, then, the optical properties of the dust in Brad- 
field are similar to the active jets in Halley. 

Higher polarization, less red color, higher albedo, and 
stronger silicate feature could be caused by (1) a higher propor- 
tion of small grains, a < A; (2) a larger relative abundance of 
silicates; or (3) a difference in the way that the silicate and 
absorbing material are mixed. For example, it takes only a 
small fraction of absorbing material by mass to alter the color 
and albedo of a dielectric such as silicate, if the dark material is 
physically mixed with the silicate on a fine scale. 

The dust detectors on the Halley space probes measured 


changes in the size distribution along the probe trajectories, 
with steeper slope (more small grains) within dust jets 
(McDonnell et al 1987). The dust composition experiment 
(PIA, PUMA) recorded differences in the mix of particle com- 
positions along the trajectory, although this instrument 
sampled only the smallest dust particles (Clark, Mason, and 
Kissel 1987). 

Halley and several low-activity comets detected in the infra- 
red have hot, dark nuclear surfaces, too hot to be compatible 
with ice sublimation directly from the surface (see review by 
A’Hearn 1988). The ices sublimate below this mantle and the 
gas escapes either through cracks and local “bare” areas or 
directly through the porous mantle. From the Giotto images of 
Halley and the ratio of total gas production to surface area in 
the comets with known nuclear radii, it appears that most of 
the gas and dust is emitted from limited active areas. 

Where, then, does the dust originate? Are the dust particles 
from the icy layer below the mantle, entrained by the sublimed 
gas, or are they dislodged from the surface by the outflowing 
gas? Surely, the size distribution will differ for these two 
cases and perhaps the composition as well, particularly if the 
surface has been altered by cosmic-ray bombardment or solar 
heating. Silicate grains in such a processed mantle are likely to 
be physically clumped into larger particles and coated with 
dark carbonaceous residue of processed organic material. The 
size distribution of the particles dislodged from the mantle will 
depend on the friablity of the material (see, e.g., Gombosi et al 
1985) and may differ for different components. 

Therefore, observed differences in dust properties among 
comets could reflect differences in the properties of the mantle 
(whether the mantle is primordial, recent thermal history, 
porosity, friability) and in the relative fraction of the grains 
coming from the mantle versus the “pristine” interior. One 
would expect the particles originating in the icy interior to be 
related more closely to interstellar grains than the dust from 
the mantle. 

Possible interpretations of the similarities and differences 
between Halley and Bradfield are: 

1. The jets in comet Halley and the dust in comet Bradfield 
contained a higher proportion of particles originating in the 
subsurface icy layer, including a population of small silicate 
grains with less carbonaceous material adhering to them than 
the grains in the mantle. The crystalline olivine grains were 
present initially in the comet nucleus; the perihelion tem- 
perature of Bradfield and Halley is not sufficient to anneal 
grains exposed on the nucleus surface. In Halley’s quiescent 
periods, or when the jet activity subsided at larger r, grains 
from the mantle dominated the optical properties. 

The more evolved short-period comets which lack a distinct 
silicate feature may shed their dust mainly from the mantle. 

2. The volatility of the organic component in the grains may 
also have differed. The organic material “gluing” the dust in 
Bradfield and in the Halley jets may have volatilized readily 
when exposed to solar heating, causing the grains to fragment, 
whereas the grains on Halley’s nuclear surface contained a 
more stable, carbonaceous residue, similar to that seen in inter- 
planetary dust particles. 

Loss of organic coatings on silicate grains due to heating at 
smaller r can explain why the silicate feature appears to be 
stronger in most comets at r < 1 AU, but cannot alone explain 
differences between comets at the same r, without prior 
thermal processing which makes the mantle material less vola- 
tile. 
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3. There were initial differences in the composition and/or 
clumping of the grains in the nucleus, perhaps due to forma- 
tion at different heliocentric distances in the solar nebula. 

VII. SUMMARY 

In summary, Bradfield was unusual in displaying a promi- 
nent silicate feature in our CVF spectrum at 1.45 AU post- 
perihelion. The shape of the feature was very similar to that 
observed in Halley at smaller r, with a peak at 1 1.3 /zm identi- 
fied as crystalline olivine. The silicate feature was strong in all 
of our data sets near perihelion. The optical properties of the 
grains were similar to those in comet Halley’s dust jets. The 
peak grain size derived by fitting the infrared spectral energy 
distribution at r = 1.44 AU is the same as that derived for 
Halley at 0.9 AU. The observed quantity (AF A ) max , which mea- 
sures the total infrared radiation from the dust coma, varied 
approximately as r -3 rather than r“ 4 . On the plausible 
assumption that the weighted mean dust grain velocity is pro- 
portional to the gas flux, v ocr~ l and Q d oc r~ 2 . 


We suggest that the differences in grain properties between 
comets could result from differences in the thermal history of 
the nuclear surface and in the relative fraction of the dust 
particles originating in the subsurface icy layer versus the 
devolatilized surface. 
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